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INTRODUCTION 

Almost every student is familiar with the recent rapid growth of 
knowledge in the psychology and physiology of reading. It is a rather 
common remark, however, that this growth is not equally distributed 
between the two phases of the problem, progress on the strictly psy- 
chological side having scarcely kept pace with that on the side of phys- 
iology. From the very nature of the case one could hardly expect 
it to be otherwise, since so many of the psychological problems depend 
for their solution on questions of physiology ,. and since methods of 
investigating problems of a purely psychological character, in. so far 
as they are not identical with those of ph3rsiology, are naturally lees 
well developed because of the peculiar complexity of many of these 
problems. It is not surprising, therefore, that the criticism should 
be made that as yet many of our psychological theories of reading rest 
on a much too slender basis of fact and that the problems demand 
further studies of a more specialized character, emplo3dng methods 
calculated to 3rield a larger amoimt of objective data which may be 
rigidly dealt with in accordance with recognized statistical methods. 
However much students of the problem may differ in regard to the 
value of current psychological theories, probably all will agree that 
the time is opportime for such specialized studies. At any rate it 
was in this belief that the present study was begun. 

It was planned accordingly to limit the scope of the investigation 
to a sin^e problem, and to rely as far as possible upon statistical 
methods for results. The particular problem chosen is the factors 
and processes involved in word perception as it takes place in adults 
in normal visual reading. As anticipated, however, this has turned 
out to be by no means a simple problem; in fact, it has proved to be 
much too comprehensive for a satisfactory treatment of its many phases 
within the brief scope of a study of this character. Attention has 
therefore been confined almost exclusively to those phases which seemed 
to lend themselves most readily to the statistical method and which 
thus gave promise of most immediate returns. This mode of procedure, 
to be sure, may tend to a certain incoherency and incompleteness of 
results but, in addition to the practical advantage mentioned, it should 
have a tendency to free the investigator from theoretical bias as far 
as that is possible. 

On the whole, the results obtained are in fairly close agreement with 
those of certain other studies. As might be expected, however, this is 
not true in all cases, and the writer has thus been led to make some 
independent generalizations, which, are offered merely as tentative, 
and may be of value only as hypotheses for further investigation. 
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The following is a brief general statement of the plan of the study. 
The first part is devoted primarily to a study of context as a condi- 
tion of word recognition. Experiments were made both by the method 
of rapid reading and by the method of short exposures. The material 
used in the first of the rapid reading experiments consisted of simple 
sentences, miscellaneous words, and consonants miscellaneously ar- 
ranged. For the remainder of these experiments, longer selections 
of reading matter were broken up and arranged in different ways so 
that the different arrangements would contain varying amounts of 
the element of context. The diflference in time required for reading 
the different arrangements was then taken as a measure of the value 
of the various contextual factors. For the short exposure experi- 
ments short sentences were broken up in the same manner as the above 
and presented in different forms, the amounts read per exposure in 
this case being taken as a measure of the value of the different elements 
of context contained within the sentence. In addition to these ex- 
periments which were devoted primarily to a study of context, all the 
experiments of the remaining part of the study have been so arranged 
as incidentally to test the value of this factor. The principal part of 
the investigation is foimd in the second division of the study which is 
concerned with the factors and processes of word perception, partic- 
ularly those of a more habitual and automatic character. The method 
employed in th^e experiments was that of successive short exposures, 
an adaptation of the ordinary tachistoscopic method of reading de- 
signed to approximate as far as possible the normal reading process. 
The conclusion contains a brief summary of the results together with 
their more obvious applications and relations to other studies. 

The writer's interest in this problem grew out of a brief unpublished 
study on "Higher Language Habits" which he carried on in the psy- 
cholo^cal laboratory of the University of Indiana under the direction 
of Professor W. L. Bryan. The problem was later definitely outlined 
and experimentation was continued in the psychological laboratory 
of the University of Chicago under the direction of Professor J. R. 
Angell. The final work of experimentation, and the calculation and 
writing up of results were done in the psychological laboratory of Colum- 
bia University under the direction of Professor J. McK. Cattell. In- 
valuable criticism and encouragement have been received from each 
of the above-named teachers, also from Professors J. A. Bergstrdm of 
the University of Indiana, J B. Watson of the University of Chicago, 
E. L. Thomdike and R. S. Wood worth of Columbia University. About 
seventy different persons have kindly served as subject in the shorter 
experiments. Those who have served in the longer and more trying 
experiments and to whom the author is especially indebted are the 
following: Professor Angell, Mr. H. A. Carr, Mr. C. H. Bean, Miss 
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C. J. Weidensall, and Mrs. Hamilton. The latter has also assisted in 
the rather long and tedious work of calculation of results and in the 
preparation of manuscript. 

It has not seemed best to set apart a special chapter for a formal 
discussion of the literature but to distribute this discussion throughout 
the text in connection with the various experiments. 



CHAPTER I 

THE INFLUENCE OF CONTEXT UPON THE PERCEPTION 

OF WORDS 

I. Rapid Reading Experiments 

Experiment L SerUences, Words and Consonants, Practice Curve 

Method 

The first experiment was carried on by the writer and consisted in 
reading at a maximum rate three sets of material of eleven selections 
each, made up respectively of (1) simple sentences, (2) simple words in 
miscellaneous order, and (3) consonants arranged miscellaneously. 
Each sentence or group of miscellaneous words or consonants consisted 
of twenty-five units, i. e., twenty-five words or as many consonants 
as the case might be. All words used were monosyllabic and were 
chosen as nearly equal in difficulty as was possible a priori. 

The experiment was carried on by the practice curve method and 
there was no restriction as to the particular method of reading except 
that the subject was careful to recognize distinctly every unit of the 
group. The time was taken with a stop-watch and was recorded im- 
mediately after each reading, together with the introspective observa- 
tions. Each selection was read daily for a period of five or six days. 
Half of the experiments were made with the reading matter presented 
in the normal position, and the other half was presented upside down. 
The daily program was briefly as follows: (1) Beginning with the in- 
verted matter, sentences first, the subject would read one sentence 
ten times, allowing thirty seconds for rest after each reading. (2) 
Allowing one minute for rest after the completion of this group, he 
then took up a selection from the sentences in normal position and read 
it ten times in the same way. (3) After one minute's rest, miscellane- 
ous upside down words, (4) miscellaneous words in normal position, 
(5) miscellaneous consonants upside down, and (6) miscellaneous con- 
sonants in normal position were respectively taken up and disposed of, 
each in its turn in the same manner. 

In the course of the experiment, then, upon the eleven different 
selections presented in each of the groups there was a total of 550 
readings per group and in some cases more. 440 cases for each of the 
selections are tabulated below. 
Table I exhibits the results for the rapid reading of sentences, mis- 
, cellaneous words, and miscellaneous consonants in the normal position. 
The figures represent the average reading time per unit, i. e., per word 
or per consonant in four stages of the practice, i. e., (1) the first ten 
readings, (2) the second ten, (3) the third ten, (4) the fourth ten. This 
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is of course the equivalent of reading one selection of average difficulty 
2750 times. On this basis each number in the table represents the 
average reading time per unit in its own group in the particular stage 
of practise where it is found. 

TablbI 
The average reading time in seconds per word and per consonant in the rapid 
reading of sentences, miscellaneous words and consonants. 

Eleven selections of twenty-five miits each. 
Normal position. Subject H. Practise curve method. 



ReAdings. 


Words in 
sentences. 


Miscellaneous 
words. 


MiscelUneous 
consonants. 


M. M.V. 


M. M.V. 


M. M.V. 


ist te9 
2nd ten 
3rd ten 
4th ten 


.1572 .0122 
.1408 .0102 
.1385 0056 
.1352 .0042 


2838 .0259 
.2442 .0220 
.2297 .0200 
.2026 .0144 


.2184 0294 
.1810 .0163 
.1589 .0118 
.1421 .0114 



Table II gives the same information for the rapid reading of sen- 
tences, miscellaneous words, and consonants upside down, the number 
of cases and the conditions being otherwise the same. 

TablsII 
The average reading time in seconds per word and per consonant in the rapid 
reading of sentences, miscellaneous words, and consonants. 

Eleven selections of twenty-five units each. 
Inverted position. Subject H. Practise curve method. 



Readings. 


Words in 
sentences. 


Miscellaneous 


Miscellaneous 
consonants. 


M. M.V. 


M. M.V. 


M. M.V. 


ist ten 
2nd ten 
3rd ten 
4th ten 


.2J595 .0312 
.2*132 .0175 
.2020 .0108 
.1918 .0087 


.4135 .0902 
.3700 .0530 
.3086 .0273 
.2775 .0176 


.3419 .0386 
.2805 .0335 
.2469 .0256 
.2244 .0185 



These tables show that for both the normal and the inverted positions 
the order of the ability is the same in all stages of the practise. The 
order of ability runs: (1) Words in sentences, (2) consonants,^ and (3) 
miscellaneous words. The rate of improvement is much greater in 
both of the miscellaneous arrangements than in the sentences, the order 

^ This agrees with the results of Professor Cattell who found that the per- 
ception time for letters is very little shorter than for words. *' Ueber die Zeit der 
Brkenntmg tmd Benenntmg," Phil. Studien, 2. 
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of improvement being as follows: (1) Miscellaneous consonants, (2) 
miscellaneous words, and (3) words in sentences. 

This fact is further illustrated in Tables III and IV where mis- 
cellaneous consonants and miscellaneous words are compared in terms 
of per cents with words in sentence, considering the ability in the read- 
ing of words in sentences as a standard and assuming it to be one hun- 
dred per cent. The exact amount of this improvement from stage to 
stage is measured by the increase of the per cents in the columns of 
consonants and words. 

TablsIII 

Comparison in terms of per cents of ability for reading material in norma) 
position, using ability in reading words in sentences as standard. 



Readinst. 


Sentences. 


Words. 


Consonants. 


I St ten 
2nd ten 

3rd ten 
4th ten 


100 

<< 


55.3 
57.6 
60.3 
66.7 


71.9 

77-7 
87.2 

95 I 



Tablb IV 
Comparison in terms of per cents of ability for reading inverted material^ 
using ability in reading words in sentences as standard. 



Readings. 


Sentences. 


Words. 


Consonants 


I St ten 
2nd ten 
3rd ten 
4th ten 


100 

<< 

it 


62.7 

57-6 
654 
69.1 


75-8 
76.0 
81.8 
85-4 



The shapes of the curves of practise differ for the different classes of 
material. This dissimilarity appears in Tables V and VI which ex- 
hibit the total gain for each group together with the distribution of 
this gain throughout the different stages of the practise. The record of 
the first ten readings is used here as a standard. 

Tablb V 

The total per cent of gain and its distribution throughout the practise for 
matter in normal position. Standard: first ten readings. 



Readings. 


Sentences. 


Words. 


Consonants. 


From I St to 2nd ten 
From 2nd to 3rd ten 
From 3rd to 4th ten 
Total per cent of gain 


11. 

.8 
2.2 
14. 


13 9 
51 
9.6 

28.6 


17. 1 

10.5 

7-3 

34-9 
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Tabus VI 

The total per cent of gain and its distribution throughout the practise for matter 
in inverted position. 

Standard: ist ten readings. 



Readings. 


Sentences. 


Words. 


Consonants. 


From ist to 2nd ten 
From 2nd to 3rd ten 
From 3rd to 4th ten 
Total per cent of gain 


17.8 
4-3 
3-9 

26. 


10.5 
14.8 

7-5 
32.8 


17.9 
9.8 

4-4 
31 I 



These tables show that the distribution of gains is closely correlated 
with the total amount of gain. The form of distribution may be stated 
as follows: 

The less the total amoimt of gain in a given series of trials, the more 
that gain tends to be concentrated in the early part of the practise. 
Put conversely in terms of habit, the principle may be formulated thus: 
the farther the method of reading is removed from the habitual, the 
greater is the total amoimt of gain in a given number of trials and the 
more evenly are these gains distributed throughout the period of prac- 
tise, i. e., the more gradual is the curve of improvement. For example^ 
in the reading of sentences, from sixty to eighty per cent of the total 
gain appears in the first half of the curve. 

Besides the intrinsic difference in complexity of different classes of 
material for the purposes of rapid reading, the experiments show that 
there is a considerable difference between different selections of the 
same class. Although the selections within a given group were judged 
a priori to be equal in difficulty, there is as a matter of fact a more or 
less permanent disparity between such materials. The existence of 
this disparity does not, however, invalidate the conclusions already 
reached. It rather indicates the unfitness of such material for wide 
practical use in experimentation, because of the large number of ex- 
periments necessary to compensate for this variable element and the 
consequent difficulty in securing subjects who could devote the req- 
iiisite amount of time to it. In order, therefore, to secure data from 
a larger number of individuals, certain modifications of material were 
introduced, though the general method and purpose of the experi- 
ment remained the same. 

To approximate as nearly as possible the content of normal reading 
matter, the material chosen for the next three series of experiments 
consists of well imified and intrinsically interesting paragraphs. To 
facilitate calculation, they are limited to exactly one hundred words 
each. None but common words were used, and these were of as great 
a variety as possible. The material was read in four different arrange- 
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ments which may be designated as: (1) Whole paragraphs, (2) mis- 
cellaneous sentences, (3) miscellaneous phrases, and (4) miscellaneous 
words; that is, (1) each paragraph was read as a unit, thus giving 
full influence of paragraph context, (2) the paragraph context was 
destroyed by arranging miscellaneously the sentences, whose context re- 
mamed, and (3) the paragraph and sentence contexts were both destroyed 
and only that of the phrase kept intact. This was done by rear- 
ranging miscellaneously all the phrases of the entire paragraph, re- 
taining the capitals and other marks of punctuation as ear-marks of 
sentence. and paragraph structure, and (4) all the words of the para- 
graph were juggled mto miscellaneous order, with the pimctuation marks 
as the only semblance of context left. In short, the attempt was to 
secure as nearly a perfect context as possible, step by step to reduce it, 
and at each step to find the exact minimum reading time. Obviously, 
it is impossible to remove entirely the element of context, for there 
will still remain an ideal context as long as the word or character has 
any definite meaning, nor on the other hand is it possible, save theoret- 
ically, to obtain a context which is absolutely perfect. 

Following is a sample of these paragraphs, arranged in the four dif- 
ferent wajrs. Eleven different sets, similar to the sample, were used. 

PARAGRAPH FORM 

A great many centuries ago, long before printed books and newspapers were 
known, there was an age of great intellectual darkness and confusion. This dark 
period was the separating era between ancient and modem civilizations. Justice 
and liberty were unknown terms in those days. The world's chief occupation 
was quarreling and fighting. A man's power was determined by his physical 
strength and by the lands he possessed. From the poor peasant to the king no 
person was in the least secure. Plots and insurrections disturbed every nation 
from within, while from without frequent invasions of barbarian hordes devas- 
tated the lands. 

MISCELLANEOUS SENTENCE FORM 

Plots and insurrections disturbed every nation from within, while from with- 
out frequent invasions of barbarian hordes devastated the lands. The world's 
chief occupation was quarreling and fighting. This dark period was the separa- 
ting era between ancient and modem civilizations. A man's power was deter- 
mined by his physical strength and by the lands he possessed. A great many 
centuries ago, long before printed books and newspapers were known, there was 
an age of great intellectual darkness and confusion. From the poor peasant 
to the king, no person was in the least secure. Justice and liberty were unknown 
terms in those days. 

MISCELLANEOUS PHRASE FORM 

Plots and insiurections by his physical strength, while from without frequent 
invasions between ancient and modem civilizations. The world's chief occupa- 
tion of barbarous hordes disturbed every nation from within, and by the lands 
he possessed. A man's power was determined and newspapers were known, 
devastated the lands. From the poor peasant to the king long before printed 
books and confusion. Justice and liberty were unknown terms was quarreling 
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and fighting. A great many centuries ago, was the separating era no person was 
in the least secure. This dark period there was an age of great intellectual 
darkness in those days. 

MISCELLANEOUS WORD FORM 

A and every disturbed of devastated between while before ancient within and 
insurrections nation liberty from possessed. Justice newspapers by and man's 
the his were and barbarous from was and modem there pju-son lands. From 
was physical unknown printed hordes the quarreling and without in were was 
intellectual long days. The separating books strength, peasant the was no of 
age, least great poor many darkness power era the was confusion. A centuries 
term determined the those occupation great to an fighting. This and age king 
known, chief world's by lands in secure. Plots the dark he frequent periods in- 
vasions civilizations. 

In canying out the experiment the different arrangements of the 
words were alternated systematically so as to avoid giving any one 
arrangement an imdue advantage over the others. Three different 
classes of persons were tested: (1) Public school children from nine to 
twelve years of age; (2) educated adults, advanced university students; 
(3) trained psychologists, graduate students and teachers. 

Experiment 2. Reading of Paragraphs, Sentences, Phrases and Words 

by Children 

The children were practised individually, each child being given ten 
trials, one trial each day for ten da3rs. The material was printed in 
good, clear ten point type and the reading was done orally at a 
maximum rate. The time of each reading was taken by means of a stop- 
watch. In case a child hesitated imduly on a word, he was prompted 
by the experimenter. This diflSculty, however, seldom occurred and 
gradually disappeared after a few trials. Table VII gives the average 
reading time per word for eight individuals in the four different arrange- 
ments of the material. 

Tablb VII 

The average reading time in seconds per word for children from nine to twelve 
years of age. 





Paimgraph. 


8«iiteiicei. 


Phrases. 


Words. 


Mean 
M. V. 


.429 
•047 


.456 
•047 


.466 
.041 


.660 
.078 



With two or three minor exceptions the reading time throughout 
was diminished consistently with the increasing organization of the 
material. Representing these records in terms of per cents by usin^ the 
reading time in the paragraph arrangement as a standard, we have 
a more direct comparison of the reading abilities in these four ar- 
rangements of the material. 
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Tabui VIII 

Comparison in per cents of the quickness of children in reading four arrange- 
-ments of words, using the speed of reading the paragraph as a standard. 



Pangrmph. 


Scnteactt. 


PhrsMt. 


Wonls. 


lOO 


94 


9a 


65 



Experiment 3. Reading of Paragraphs, Sentences, Phrases and Words 

by AduUs 

The next test was made with forty-one students of an advanced 
•class in pedagogy. Each member of the class was provided with a 
t)rpewritten copy of the four different arrangements of the material 
•described above, and upon a signal given by the conductor each person 
read as much as possible in ten seconds. Two trials were given but, 
.as there were a number of errors in the first trial due to lack of f amili- 
■arity with the experiment, the second trial was taken as the best 
measure of the rapid reading ability of the class. Instructions were 
given to read as rapidly and accurately as possible, each using his own 
method in the reading. Table IX gives in seconds the average mini- 
mum reading time per word for the forty-one subjects in each of the 
iour arrangements of the material. 

TablbIX 
The average minimum reading time per word for advanced university students. 





Parafnph. 


Seatences. 


Phrue*. 


Word*. 


Mean 
M.V. 


.1294 
.0176 


•1324 
.0190 


.1562 
.0231 


•2057 
.0392 



As in the case of the children the rate of reading for adults decreased 
with a decreasing amount of organization of material, though the 
amount of this decrease is greater. Table X compares these records 
directly in terms of per cents by using the reading time of the paragraph 
arrangement as a standard. 

TablbX 

Comparison of the reading ability of adults in terms of per cents, using the 
-speed of reading the paragraph as a standard. 



PAimgraph. 


Sentences. 


Ph rates. 


Words. 


100 


97.7 


82.8 


62.8 
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The large absolute difference between the readmg times of children 
and adults, shown by a comparison of Tables VII and IX, is not to be 
Accounted for wholly on the basis of maturity, for it must be remem- 
bered that the children were limited to oral reading of printed matter 
snd that the adults read t3rpewritten material silently. The individual 
differences are considerably greater among the adults than among the 
•children, though these differences for the adults would doubtless 
have been reduced by an equal amount of practise. 

Experiment 4. Reading of Paragraphs^ Sentences, Phrases and Words 

by Psychologists 

The psychologists practiced individually and were given one trial 
s,t each of several different one hundred word selections, arranged in 
the four different ways already described. Table XI gives in seconds 
the average minimum time required per word for the selections read, 
together with the mean variations for each individual in reading 
different selections. 

Tabids XI 

The average minimum reading time in seconds per word for experienced psy- 
•chologists. 



Subject. 


Paragrmph. 


Sentences. 


Phrasei. 


Words. 


Number of 
words resd. 


M. M.V. 


M. M.V. 


M. M.V. 


M. 


M.V. 


A. 


.137 .008 


.159 009 


.195 .Oil 


.272 


.008 


500 


W. 


.201 .043 


•254 033 


.248 .030 


.349 


.051 


700 


B. 


.243 .028 


.252 .027 


.324 .021 


•433 


.063 


800 


C. 


.185 .019 


.228 .038 


241 .033 


.338 


.oi6 


700 



As a check on the accuracy of the reading, each person was asked 
After each reading, to give all the facts he could remember of what he 
had read. In the case of miscellaneous phrases and words, this report 
was necessarily quite general, consisting of a description in a general 
way of the universe of thought suggested by the reading. This con- 
dition may partly explain the generally longer reading times of Table 
XI over those of Table IX, though it is safe to assume that the greater 
ficientific interest and maturity of the subjects whose records are found 
in Table XI would tend to produce greater accuracy and a consequent 
increase of the reading time. 

Comparing in per cents each individual's record for the reading of 
sentences, phrases, and words with his record in the paragraph as a 
standard, we get the results in Table XII. 
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Tablb XII 

Comparison in per cents of reading ability in paragraphs, sentences, phrases, 
and words for adults (psychologists) using the paragraph as a standard. 



Subject. 


Paragraphs. 


Sentences. 


Phrases. 


Words. 


A. 


lOO 


86.1 


70.2 


50.3 


W. 


(1 


79-1 


81.0 


57-5 


B. 


•' 


96.4 


75 


56.1 


C. 


u 


81. 1 


76.7 


54-7 



This table shows that only about half as much can be read in the 
miscellaneous word arrangement as in the paragraph, about three- 
fourths as much in the phrase arrangement, and six-sevenths as much 
in the miscellaneous sentences. The first of these results agrees with 
the conclusion of Professor Cattell* who found that words and letters 
out of context require approximately twice as much time for recogni- 
tion as those in context. 

It may be concluded from these experiments that what we call con- 
text is a complex affair, and that each of its constituent elements, i. e., 
the phrase, the sentence, the paragraph, etc., has presimiably a defi- 
nite measurable value as a factor in word recognition. The influence 
of these contextual factors varies with different individuals, with 
maturity, with practise, and with different selections of reading matter, 
the latter varying directly as the perfection of the context. 

Some of the introspective observations are of sufficient interest to 
deserve mention. For example, in the reading of miscellaneous words 
and consonants, the writer foimd that grouping the units had the effect 
of increasing the rate, the maximum speed being attained by groups 
of three. Of twenty-five subjects tested on this point all but one found 
the same result. The advantage of such grouping was less marked, 
however, in the early stages of practice, particularly if the imits or 
their order were imusually strange or difficult. 

Certain other devices were often found by the writer to assist in in- 
creasing the rate, and these held for all the arrangements of the material. 
For instance, silent reading usually brought higher speed than oral 
reading. But if, as it sometimes happened, the reader reached a dead 
level of practise by this method, he was usually able to break the spell 
by introducing oral expression for a few trials. Another means which 
was often effective under these circumstances was to run over in the 
mind a new and faster rhythm just before beginning to read. Im- 
mediately after making a new record in this way there would be a period 
of struggle which lasted for a time, imtil the old rhythm habit was en- 

> "Ueber die Zeit der Erkennung und Benennung" Phil. StudUn, a. 



INFLUENCE OF CONTEXT 17 

tiiely broken up and displaced by the new. But as soon as a new 
pace had been set by one method, it was as a rule easy to duplicate it 
by the other. 

Another fact commented upon by a number of subjects was the 
relatively large amount of superfluous imagery and the large number 
of irrelevant associations, which accompanied the reading of miscel- 
laneous matter. In the reading of imperfect contexts greater effort 
was required and subjects described such reading as distinctly unpleas- 
urable. 

In the actual perception of words or word groups, two phases of 
attention movement, which were described by subjects, seemed to 
occupy separate moments in consciousness. The phase which appeared 
first, as a rule, was a movement predominantly of the S3mthetic t3rpe, 
by means of which a word or group of words was fixed upon as a whole 
with little if any consciousness of details. The second phase consisted 
of a movement of the analytic t3rpe, by means of which the details of 
the group were identified as far as necessary and exact meanings de- 
termined. A peculiar exception to the above order was occasionally 
noted, in which the anal3rtic phase seemed to precede and the details 
to arise independent of the group. For the moment all effort to 
effect a fusion would be thwarted and then suddenly the elements 
would shoot together involimtarily, and group themselves in a logical 
arrangement. 

It was of course in these more automatic activities that subjects 
encoimtered the greatest difiSculty in making the analysis. There 
could be but Uttle certainty in determining the detailed processes by 
means of which word perception is accomplished, since the method 
did not yield any great amoimt of objective data which could be dealt 
with statistically and so warrant the formulation of a definite theory. 

n. Reading bt Shobt Exposubes 
The next step in the study therefore was to employ a method more 
refined, farther removed from the ordinary method of perceiving words, 
and so better calculated to yield such objective data. Fortunately, 
the tachistoscopic method has been foimd to be effective for this 
purpose and is one which approximates the conditions of normal reading 
sufiSciently to warrant the appUcation of data, thus obtained, to many 
of the problems of word perception.^ 

' Professor Dodge (Psych, Bui,, Vol. 11., No. 6, p. 20) has expr e ssed doubt 
as to whether " the results of minimum exposure and threshold stimulation may 
be transferred bodily to the processes of normal reading without doing violence 
to the facts. " It is not contended here that the results of tachistoscopic reading, 
whatever the length of exposure, can be indiscriminately applied to the normal 
reading process. Surely no one would seriously contend that the strictly quan- 
titative aspect of such results could be thus applied. 
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The observation of Lamare and Javal^ that in reading, the eyes do 
not move by continuous sweeps across the page, but by a series of 
short jerky movements ("par saccades")> has recently been scientific- 
ally confirmed by a number of investigators.' Moreover, it has been 
determined that during these short movements of the eye the retinal 
impressions received are of little or no consequence in the actual process 
of reading.* Between these short movements there is a period when 
the eyes are comparatively at rest. This period, commonly known 
as the "reading pause, " has a duration which varies widely with dif- 
ferent individuals and also with the same individual in reading different 
materials, but with the ordinary reader it probably averages about one- 
fifth or one-third of a second.^ 

From these facts of eye movement, it is evident that only those 
processes of word perception yield to the tachistoscopic method of 
study which are foimd within this short period when the eyes are at 
rest. To facilitate such study, various students of the problem have 
foimd it necessary to keep the length of exposure less than the length 
of the shortest reading pause in normal reading. It remains to ad- 
just this method to the conditions of the problem and, if possible, to 
make a somewhat more precise and extended analysis than has here- 
tofore been attempted. 

Ezperiment 5. Tachistoscopic Reading of Short Sentences, Phrases and 
Words by Psychologists 

The next experiment is a brief preliminary study, by the method of 
short exposures, of the ability to read the same words arranged in three 
different forms, viz., sentences, miscellaneous phrases, and miscellane- 
ous words. The main piupose of the experiment was to make a com- 
parison of the reading ability imder these conditions as measured by 
(1) the amoimts read per exposure, (2) the variation of the .amounts 
read from exposure to exposure, (3) the distribution of the amoimts 
read over the area of clear vision. Incidentally, the experiment was 

' Annales d'OcuUsHque, 82, 252, 1879 (Note). 

• Notably the following: (a) Erdmann and Dodge: Psychologiscke UrUer- 
suchungen aber das Lesen auf ExperimenieUer Grundiage, Halle, 1898. (6) 
Hucy: "The Psych, and Physiol, of Reading," Am, J, Psych., 10, 11, and 12. 
(c) Dearborn: "The Psychology of Reading/' Arch, of Philos., Psych., and Set. 
Methods, No. 4. 

' Professor Cattdl first called attention to this problem in a study "On Re- 
lations of Time and Space in Vision," Psych. Rev., 7. Professor Dodge ex- 
pressed the view that it was due to the fusion of the impressions received during 
eye movement, "Visual Perception during Eye Movement," Psych. Rev., 7. 
Professor Holt believes that it is the result of central anesthesia. Harvard 
Psychological Studies, Vol. i. 

* See Huey and Dearborn, Op, Cit, 
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intended to test the introspective observations made during the ex- 
periments by the method of rapid reading in reference to the move- 
ments of the attention and the more automatic processes in word 
recognition. 

The apparatus used consisted of a modified form of the Cattell fall- 
screen, adjusted so as to expose the reading matter for a period of 
.021 second. The material to be read was t)rpewritten and pasted 
on cards so that at the moment of exposure the geometrical middle of 
the reading matter would coincide with the middle of the slot in the 
exposmre screen. The size of the objective groups varied from four 
to six words, containing a total of about fourteen to nineteen letters 
and covering a space on the card of forty-five to sixty millimeters in 
length. The experiments were carried on in a dark room in order to 
secure uniformity in light conditions which was not otherwise possible 
in the rooms where the experiments were conducted. The light was a 
sixteen candle-power electric bulb which was placed to the left on a 
level with the slot and so shaded as to avoid any distmrbance from the 
glare. Before beginning any series of experiments, subjects were al- 
lowed a few minutes for adaptation to the novel light conditions and 
were given a few preliminary tests to satisfy themselves that the adap- 
tation was sufficiently complete. 

Five subjects were tested in this experiment, all being trained psy- 
chologists with the exception of one who was a college graduate and 
a high school teacher of English. This subject also had a general 
knowledge of psychology and of psychological methods. 

The manner of conducting the experiments was the following: 
subjects were asked to focus for the exact middle point of the slot, 
i. e., the place where the middle point of the reading matter was to 
appear at the time of exposure. Each person was allowed to choose 
his own normal distance for reading. As an aid in directing the focus, 
a fine black thread was stretched horizontally in front of the screen 
on a level with the line of words to be read. At right angles to this thread 
and intersecting it at the middle point was drawn a black line on the 
gray screen which covered the words, the fixation point being the point 
of intersection of the thread and the line. Each card was exposed but 
once, and after the exposure the subject gave out orally all that was 
read, stating the various degrees of certainty for each word or part of 
word, and otherwise describing the impressions together with any sub- 
jective phenomena that might be interesting or significant. 

This report was recorded by the experimenter. In conducting the 
experiment, care was taken to alternate the exposures of the various 
arrangements of the material in order to avoid favoring any one above 
another. The smallest number of experiments for any individual was 
thirty-five and the highest number ninety-three. 
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Table XIII. gives the absolute amounts read per exposure by the 
different subjects in each of the different arrangements of the materiaL 
The figures represent millimeters. 

Tablb XIII 

The amotmt in millimeters, of words arranged in sentences, miscellaneous 
phrases, miscellaneous words, read at a single exposure of .021 second. 



Subject. 


Sentences. 


Phrucs. 


Words. 


M. M.V. 


M. M.V. 


M. M.V. 


A. 
M. 

W. 
B. 
C. 


41.6 10.3 
23.6 II. I 
33- 1 10.7 
25.4 7-8 
42.8 6.6 


34-5 10.5 

17.6 8.0 

27.7 10. 1 
234 4.1 
34.9 10.4 


12.9 6.6 
13.1 5.8 
16.3 71 
131 6.5 
23.6 12.3 



These results show a marked advantage for the sentences over the 
phrase arrangements, and a still greater advantage for the phrase ar- 
rangements over those of miscellaneous words. This is shown both by 
the means and the mean variations. In all cases the absolute size of 
the means, and in most cases the relative size of the mean variations 
are larger as the context is more complete. The averages representing 
the abilities in reading these different arrangements of the material 
are compared directly in terms of per cents, in Table XIV, using the 
ability in reading words in sentences as a standard or one himdred 
per cent. 

TablbXIV 

Comparison in terms of per cents of the reading abilities for words in sentences, 
miscellaneous phrases, and miscellaneous words. 



Sutiject. 


Sentences. 


Phimses. 


Words. 


A. 


100 


715 


29.4 


M. 


« 


74-3 


55-2 


W. 


<« 


79.2 


46.9 


B. 


«« 


90.0 


50.4 


C. 


i« 


80.4 


28.3 



These remarkable differences would probably be reduced with prac- 
tise, though they are significant as representing the comparative ini- 
tial difSculty of words when presented in these different forms. The 
results suggest that the higher logical processes enter into and reinforce 
the processes of perception to a greater extent than we are accustomed 
to suppose and that in so far as tachistoscopic experiments hitherto 
have not taken these factors suiBScientlv into account, we are liable 
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to considerable error in appl3dng their results to the processes of word 
perception in normal reading. 

The great influence of context is also shown by the relative size of 
the variabilities. This may be calculated by dividing the averages 
into the variabilities or preferably into the square roots of the varia- 
bilities. We will not take the space for recording these data, but the 
comparison shows with two very slight exceptions that the relative 
variability increases very rapidly with a decrease of context. 

In regard to the distribution of the portions read over the clear field 
of vision, the results show certain differences in the different arrange- 
ments of the material, but not such as are easily interpreted as due to 
the var3dng amounts of the contextual factor. Table XV shows the 
per cent of all that was read (1) to the left and (2) to the right of 
fixation. 

Tablb XV 

The per cent of all that was read to the left and to the right of the fixation 
point. 



Subject. 


Sentences. 


Phrajes. 


Words. 


Left. 


Riffht. 


Left. 


Right. 


Left. 


Right. 


A. 


50.0 50.0 


50.3 49-7 


53.3 46.7 


M. 


47.2 52.8 


58.6 41.4 


55.1 44-9 


W. 


43-4 56.6 


47-8 52.2 


38.3 61.7 


B. 


730 27.0 


82.1 17.9 


66.3 33.7 


C. 


47-5 52.5 


42.3 57-7 


41.5 58.5 



The peculiar shifts from one side of the field to the other which are 
noticed in certain cases may be accoimted for by the position of certain 
words which happened to be specially familiar or interesting to the 
subject or possibly more objectively prominent. Accident would 
accoimt for this result only if the number of experiments was too small 
to eliminate the effect of chance in attending to one side or the other. 
But where the subject habitually read to the same side as was true in 
the case of B., it is quite possible that, though the subject may have 
fixated as per instructions, he imconsciously attended more to one side 
of the point of fixation than to the other. This phenomenon is one of 
interest and deserves special study on its own accoimt, but as it does 
not immediately concern my main problem I shall not pursue the in- 
vestigation any further at this point. 

It should be remarked in passing that in this experiment subjects 
were often able to describe the process of word perception with more 
or less detail. At almost every exposure one or more of the words were 
only partially perceived, and in such cases the character and the order 
of the phenomena were readily detected. These descriptions tended 
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to confirm the introspective reports given in the rapid reading experi- 
ments, but it is not necessary to present the data here because the next 
experiment which we have to describe will afford a larger number of 
cases of the same general character which will be tabulated and dis- 
cussed fully. 



CHAPTER n 
THE FACrOBS AND PROCESSES OF WORD PERCEPTION 

I. SIZE, FORM AND ELEMENTS OF THE VISUAL READING FIELD 

A valuable result of the foregoing experiment was that it suggested 
certain modifications of the method which seemed to approximate more 
nearly the conditions of normal word perception. The principal 
modification consisted in the use of longer selections of reading matter 
including three different arrangements, the paragraph, miscdlaneous 
phrases, and miscellaneous words, which were read by successive ex- 
posures in such a way as to render the procedure as nearly as possible 
similar to the successive reading pauses in normal reading. 

As suggested above we are doubtless in danger of misrepresenting 
the facts if we attempt to apply indiscriminately the results of tachis- 
toscopic studies to the ordinary reading process, and my experiments 
thus far indicate that the artificiality of such results is augmented 
more or less wherever the experiments have been confined to the 
reading of materials with little or no contextual connection. More- 
over, it is the supposition of the next experiment that this artificial 
character of results may be further avoided by emplojdng a method of 
exposure more closely approximating the method of procedure in 
ordinary reading. The opportimity for this improvement is afforded 
by the fact that in ordinary reading not all the impressions received 
during a reading pause are interpreted correctly at that moment. 
The vague, indefinite impressions of the right-hand margin of one 
reading pause become therefore, the correctly interpreted impressions 
of the next, and so on, which is the equivalent of two exposm-es by the 
tachistoscopic method, the first of which is in the margin, the second 
in the most distinct portion of the visual field. 

Experiment 6. Tachistoscopic Reading by Successive Exposures (Psy- 
chologists) 

In the following experiment I have attempted to incorporate both 
of these conditions as far as the tachistoscopic method will allow. As 
in the second experiment in rapid reading, well imified paragraphs 
were selected. These also contained one hxmdred words each and were 
presented in the three different arrangements used in the above ex- 
periment. This material was then tjrpewritten and the sentences or 
groups were cut and pasted on long strips of cardboard so that the 
line of words would be maintained at a constant level in the slot of 
the exposure screen. i 

The reading was then carried on by exposing this material from 
left to right, section by section, so that no part which was correctly 
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read was exposed a second time, except in the few cases where the order 
was reported wrongly, or where the subject overlooked or misread 
a word in the left portion of the field. In these cases a second exposure 
or even more, if necessary, was given. As a get-ready signal tlje ex- 
perimenter spoke out the words read correctly in the previous exposure. 
Immediately after the exposure, the subject read aloud all the words 
he saw distinctly, also all he saw less distinctly, stating the degree of 
certainty in each case. Besides the portions read correctly, subjects 
were asked to describe all other appearances as accurately as possible. 
For example they would report their estimate of the total number of 
words exposed and their recollections of the form, size, shape, number 
of letters, etc., of each word. They also reported any isolated letters or 
groups of letters clearly seen whether in the clear or the obscure portion 
of the field. This report the experimenter recorded fully as per sample 
which follows: 

Subject A, Paragraph 5, Sentences I and II. 
"A baby beaver was caught and given to a gentleman as a pet. Beavers, you 
must understand, build dams in which they can make their houses." 

Record, 
Exposures. 

I. I. A (heavy?) 

2. baby 5-6. 

3. beaver ? 

4. was (crawling?) 

5. caught 3-4. 

6. and given 

7. to a gentleman (Only form of last seen.) 

8. as a pet. 

II. I. Beavers (the) 

2. you — ^4. 

3. must (acknowledge?) (Expected "acknowledge.") 

4. understand (-anticipation.) 

5. build dams (got ''dams" from help of context.) 

6. in which — ^4. 

7. they can 

8. make 5-6. 

9. their (homes.) (-anticipation.) 

10. houses. (Preferred ''homes," saw "h--n?--s" and interpreted it as 
"houses.") 

The various items in this record were tabulated under the following 
headings: distinct, doubtful, correct form, incorrect form, no form, 
partial substitutions, total substitutions, omissions, prominent letters, 
positive anticipation, negative anticipation, memory, after image, 
suggested word, attention, delayed recognition, lapse, etc., etc. 

Under distinct, doubtful, etc., the amount read was recorded in 
words, letters, millimeters. Under prominent letters, record was made 
of initial, middle, and final letters, etc. The light conditions and the 
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precautions taken for adaptation were the same as those in the previous 
experiment. Each subject was allowed, as in the former case, to select 
his own normal reading distance. As a guide in securing proper focus, 
faint black lines were drawn on the gray screen, showing the exact 
position of the words. One line drawn vertically showed the 
extreme left-hand margin or beginning point of the reading material, 
another faint dotted line drawn horizontally showed the exact level 
of the line of words to be read. With these limits defined, the subject 
was allowed to choose his own exact fixation point, and with a very 
few preliminary trials was able to find a point which for him was most 
sati^actory. Subjects found this device for directing the fixation 
more advantageous than that used in the previous experiment and, so 
long as these lines were quite faint, they did not experience any ad- 
ditional distraction on account of the lines moving with the screen 
at the time of exposure. 

The same subjects were employed as in the previous experiment, 
all but one being, as stated above, psychological observers of consid- 
erable maturity. In addition to these subjects the writer, H., read 
a selection prepared by another person. The results of his experiment 
appear in the table, but they are not directly comparable with the others 
since the material read was not the same. The largest number of rates 
of exposiue was used with subjects A. and M. as will appear in the 
table. The highest exposure time was .044 second, the lowest was 
.006 second, the other rates being distributed between these two ex- 
tremes. The various arrangements of the material were alternated 
as in previous tests, but the selections were presented in the order 
tabulated below, beginning with the highest exposure time and then 
reducing the time, step by step, until the lowest time of exposure was 
reached. All subjects whose records show the employment of any 
given rate, say . 044 second, read the same material at this rate. Thus 
the results for all subjects except H., whose irregularity was explained 
above, are entirely comparable in every respect. For convenience in 
comparison, the various paragraphs are numbered 1, 2, 3, etc. Most 
of the tables which follow in this study have been compiled from the 
records of these experiments. 

Table XVI is the first of the series. It sets forth in millimeters 
the average amoimts read correctly per exposure for the different sub- 
jects, and for the 'different rates in all arrangements of the material. 
The values of these figures can be transmuted into terms of letters by 
dividing the number of millimeters by 3.5 or into words by dividii^ 
the number of millimeters by 14, the average width of letters being 
about three and one-half millimeters, and the average size of words 
about four letters. 
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TablbXVI 
The amounts read ooirectly per exposure in millimeters.' 



Siibiect 


8eL 


Rate. 


PAiacivplis. 


Fhntes. 


Woidi. 


M. 


li.V. 


li. 


li.V. 


M. 


li.V. 


A. 


I. 


.044 


32.3 


6.8 


31 


9-4 


25.6 


6.5 




2. 


.016 


23.6 


7.0 


24.5 


6.6 


20.3 


5.6 




3. 


.013 


24.6 


6.4 


25 I 


5.8 


22.5 


6.1 




4- 


.010 


28.0 


6.0 


26.0 


7.4 


19. 8 


5.8 




5. 


.007 


19.8 


6.3 


18.4 


5-2 


15-9 


4.4 




6. 


.006 


16.0 


5.8 


15.6 


5.4 


14.2 


4.8 


M. 


z. 


.044 


29.9 


10.9 


28.3 


9.8 


21.5 


7-4 




2. 


.016 


20.7 


8.2 


18. 1 


7.3 


15.9 


5.8 




3. 


.013 


22.9 


71 


19.0 


6.2 


16.6 


5.7 




4. 


.010 


22.3 


7.0 


20.1 


7.3 


19.8 


6.9 




5. 


.007 


22.2 


8.2 


16. 1 


5.8 


14.4 


4.9 


W. 


I. 


.044 


34.3 


10.5 


30.4 


8.7 


20.4 


9.1 




3- 


.013 


31.6 


7.2 


30.2 


9.0 


22.1 


7.2 




5. 


.007 


31-4 


9.0 


25.2 


8.4 


19.2 


7.0 


B. 


I. 


.044 


25.2 


6.7 


25.2 


7-5 


24.8 


5.9 




2. 


.016 


21.0 


6.4 


20.7 


5.4 


20.3 


5.2 


C. 


2. 


.016 


29.4 


8.5 


26.5 


71 


21.7 


5.1 


H. 


7. 


.010 


19.2 


5.5 


173 


5.1 


16.4 


4.9 



In obtaining the results in this table all unsuccessful trials were dis- 
carded. By an unsuccessful trial is meant an exposure in which no 
single word was read correctly, though certain characteristics of the 
words may have been observed and described correctly. This plan 
was adopted as the most conservative, though it doubtless gives a con- 
siderable advantage to the miscellaneous phrase and the miscellaneous 
word arrangements, since in these latter arrangements are found by 
far the greatest number of unsuccessful trials, the most of all appearing 
in the miscellaneous words. But each unsuccessful trial doubtless 
made possible a larger perception in the succeeding attempt and a con- 
sequent lessening of the total number of successful trials needed for 
the reading of a given group of words. Notwithstanding this handicap 
which we place upon the results of om* method of calculation, the power- 

^ Explanation of abbreviations and terms: Subj. — Subject. Sel. — Se- 
lection of reading matter. Rate — Time of exposure in seconds. M. -» Average 
amount in millimeters read per exposure. M V. — The mean variation from the 
average of amounts read per exposure. 
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fill influence of context is in evidence at almost every point; there being 
only three slight exceptions in favor of the phrase arrangement 
over that of the paragraph in the records of subjects A. and B. Had 
the unsuccessful exposures been included in the calculations, the figures 
would of course show a still greater amount of the influence of context 
upon the amoimt read per exposure. 

A more direct measure of the influence of context may be obtained 
by comparing the results of Table XVI in terms of per cents, using 
the amount read per exposure in the paragraph arrangement in each 
case as a standard, or one himdred per cent, with which to compare 
the amoimts read per exposure in the same material arranged in the 
other two forms. Table XVII gives such a comparison. 

TablsXVU 

Comparison in per cents of the amounts read correctly per exposure in the 
different arrangements of the same material, using the amounts read per exposure 
in the paragraph arrangement as a standard or loo per cent. 



Subject 


Set 


Paimgrapb. 


Phnset. 


Wofds. 


A. 


I. 


100. 


95.9 


78.6 




2. 


t* 


103.8 


86.0 




3. 


n 


102.0 


92.6 




4. 


it 


92.8 


70.7 




5. 


4t 


93-8 


81. 1 




6. 


<l 


97-5 


88.7 


M. 


I. 


100. 


94.6 


71.9 




2. 


*t 


87.4 


76.8 




3- 


** 


82.9 


72.5 




4- 


it 


90.1 


88.7 




5. 


tt 


72.5 


64.4 


W. 


I. 


lOO.O 


88.6 


59.4 




3. 


«< 


95.5 


69.9 




5. 


" 


80.2 


61. 1 


B. 


I. 


100. 


100. 


98.0 




2. 


«< 


98.5 


97.6 


C. 


2. 


100. 


90.1 


7S.8 


H. 


7- 


100. 


90.1 


85.4 


Mean 


100. 


92.0 


79.0 



This table shows that in the phrase arrangement subjects read on 
an average 92 per cent as much per exposure as in the paragraph ar- 
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rangement, while in the miscellaiieous word arrangement they read 
only 79 per cent as much. The influence of context is least marked 
in the case of B. and the most in the case of W. The variations due 
to the difference in the selections are quite large in the case of A., M. 
and W. but very little variation in the amounts read resulted from the 
variation of the length of exposure. 

Another point of view, from which this table should be considered, 
is that it describes a definite portion of the total reading field. As 
previously mentioned, the figures represent the total amounts read 
correctly. But within this area are included two distinctions, t. e., 
what was read distinctly and what was read indistinctly. The portion 
read indistinctly is given in Table XVIII and includes all distinctions 
which subjects classified as ''doubtful," in whatever degree, ranging 
from mere guessing to mere lack of certainty. In this table are given 
imder the heading "%," the per cents of all the exposures in which 
such doubtful distinctions appear. Otherwise the figures are arranged 
in the same order as those of Table XVI. 

Tablb XVIII 

The per cent of the total number of exposures in which words were read as 
"doubtful" and the average length in millimeters of such doubtful portions. 









Parmgrapb. 


Phrases. 


Words. 


Subject 


8el* 


Rate. 


* 


M. 


M.V. 


* 


M. 


M.V. 


it 


M. 


M.V. 


A. 


I. 


.044 


7. 


157 


8.2 


25. 


21.0 


7.3 


15. 


15.0 


5-9 




2. 


.016 


12. 


16.5 


8.1 


12. 


16.6 


4.9 


13. 


14.0 


2.7 




3. 


.013 


21 


143 


6.1 


18. 


13.2 


3.8 


16. 


14.6 


2.0 




4- 


.010 


10. 


13 


2.0 


28. 


17.4 


4-7 


II. 


10.9 


2.3 




5- 


.007 


II. 


145 


4.5 


8. 


13-8 


3.4 


6. 


12.8 


51 


M. 


I. 


.044 


3- 


18.0 


8.0 


5. 


8.3 


30 


3. 


7.6 


2.6 




2. 


.oi6 


2. 


10. 


50 


3. 


9.0 


4.0 


4. 


10.5 


6.1 




3- 


.013 


6. 


10. 


2.5 


3. 


8.0 


3.3 


I. 


7.0 


0.0 




4. 


.010 


8. 


12.2 


71 


6. 


10.4 


2.8 


0. 


0.0 


0.0 




5. 


.007 


6. 


12.4 


3.2 


3. 


6.0 


2.0 


2. 


6.0 


2.0 


W. 


I. 


.044 


0. 


0.0 


0.0 


6. 


233 


5.6 


2. 


10. 


3.0 




3- 


.016 


6. 


19.0 


12.0 


4- 


10. 


0.0 


4- 


9.6 


3.3 




5- 


.007 


12. 


14.6 


50 


7. 


10.3 


3.2 


8. 


12.0 


6.0 


B. 


I. 


.044 


10. 


II. 


8.9 


9. 


II. 7 


6.0 


II. 


16.8 


4-7 




2. 


• 016 


10. 


12.0 


4.1 


12. 


8.7 


4.3 


II. 


10. 


4.0 


C. 


2. 


.016 


40. 


II.4 


4.8 


24- 


10. 


4.4 


13. 


12.7 


4.7 


H. 


7- 


.010 


4- 


7.6 


3-3 


3- 


13 


6.0 


5. 


134 


4.0 
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This table shows to what extent successful guessing entered into the 
results. There does not appear to be any gen^*al tendency to guess in 
any one form of material more than another, though in the case of sub- 
ject C. we have an apparent exception. In this case there is a regular 
curve of frequency corresponding to the amoimt of context, the number 
of successful guesses diminishing with the context. Nor is there any 
marked tendency to decrease either the size or the number of guesses 
as we pass from the longer to the shorter exposures. Concerning the 
variations, no definite uniformities are to be noted, doubtless indicating 
that the number of cases is too small to obtain a curve that would be 
entirely characteristic for any one individual. 

Besides these distinctions which subjects were able to make within 
the portion of the field read correctly, there were a nimiber of other 
more or less clear cut distinctions in the margin of the visual field be- 
yond the limits of correct reading. In the present experiment where 
the method of successive exposure was used, these marginal distinc- 
tions occurred almost entirely within the right-hand portion of the field. 
The following five distinctions, or partial readings, were frequently 
noted: (1) Partial substitutions. By a partial substitution is meant 
any reading in which one or more letters were found in common be- 
tween the word actually present and the one which was substituted for 
it. (2) Total substitutions. By a total substitution is meant a case 
where there was no letter in common, the only point of identity being 
the general appearance of the word present and the one substituted 
for it. (3) CJorrect forms of words. In this case the subject could not 
make a judgment as to what the word was, but was able to describe 
its general appearance, perhaps giving the number of letters and a 
general description of the letters, such as their shape, size, and position 
within the word. (4) Incorrect form. Here the subject saw clearly 
the word impression as a whole but fouled to describe correctly the 
form or size of the word, the number of letters, etc. (5) No form. In 
many cases subjects were certdn of the presence of one or more words 
in the margin, of whose form they could report nothing whatever. 
In such cases they were absolutely certain of the numerical aspect of 
the words present in the margin, though they could give no other quan- 
titative characteristic, and nothing whatever of the specific qualitative 
character. 

In some of these marginal distinctions there was evidently an ele- 
ment of illusion in the judgment, as for example, in the substitutions 
and the mcorrect form, but m all cases there was as a rule very little 
lack of certainty. 

The niunber of these marginal distmctions appearing simultaneously 
differs widely with different individuals and with different conditions. 
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Table XIX shows the relative frequency of the marginal distinctions 
reported by the various subjects. 

TablbXIX 
The relative frequency of marginal distinctions reported by six subjects. 



Subjects. 


A. 


M. 


w. 


B. 


C 


H. 


Ifeaa. 


No margin. 


2. 


6. 


9- 


I. 


7. 


II. 


6. 


One margin. 


4. 


10. 


II. 


3. 


5. 


ID. 


7. 


Two margins 


I. 


I. 


I. 


I. 


I. 


I. 


I. 



The table as it stands is not entirely complete, for in a few instances 
subjects were able to detect three, sometimes even four, marginal 
distinctions simultaneously present. It is probable also that the figures 
opposite the distinction ''no margin'' are considerably less than they 
should be, because as the experiments became very familiar, subjects 
sometimes grew more or less lax in reporting cases of this kind. A point 
to be remembered is that none of the figures of this table represent 
the facts as they really exist, but only as the observer was able by care- 
ful observation to make them out. It is highly probable, therefore, 
that all the vaguer forms of marginal impression were present at each 
exposure, though their conscious discrimination, as the table shows, 
was comparatively infrequent. 

It need hardly be remarked, furthermore, that these marginal dis- 
tinctions are to be regarded as t3rpical stages in the development of 
the perception of a word, cross sections, so to speak, taken at different 
levels in the development of the total perceptual process. This phase 
of the results will be considered further at a later point in our study 
of the marginal field and for the present we shall turn to a consideration 
of the data of the five marginal distinctions defined above. 

In Table XX we present the data for the partial substitutions. 
Opposite each subject's name is found the frequency of such distinc- 
tions in per cents, their average size in millimeters, and the mean 
variations. 

These per cents show a decided increase of frequency of the substi- 
tutions as we pass from the more perfect to the less perfect contexts. 
The frequency increases also with the decrease of the time of exposure, 
particularly in the more contextual arrangements. With reference to 
to the size of these misreadings, we find little uniformity in the varia- 
tions though there is a slight tendency to decrease with a decrease of 
the exposure time. The variations in the size of the substitutions are 
themselves somewhat variable, showing that, in certain instances at 
least, the number of cases should be increased to produce a true ex- 
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preesion of these relations. The question of partial substitutions 
will come up for further consideration when we take up a study of the 
<ietailed processes of word recognition. 

TablbXX 

Frequency and size of partial substitutions, i.e., of words, a part of whose letters 
and attributes were seen correctly. 









Pansraphs. 


Pbraies. 


Word*. 


8nl:d. 


8eL 


Rate. 


It 


If. 


M.V. 




If. 


M.V. 


It 


If. 


M.V. 


A. 


I. 


.044 


3- 


30.5 


5-5 


3- 


29.5 


13.5 


15- 


197 


10.3 




2. 


.016 


16. 


18.9 


4-2 


9. 


18.0 


8.4 


22. 


14.9 


5.0 




3. 


.013 


19 


18.8 


4.0 


12. 


14.2 


3.1 


24. 


145 


3.6 




4. 


.010 


7. 


12.5 


.5 


21. 


14.6 


4-2 


31. 


15.2 


5.0 




5. 


.007 


10. 


16.4 


2.1 


17. 


13.8 


3-4 


18. 


18.0 


7.0 


M. 


I. 


.044 


16. 


15.8 


7-7 


23. 


16.2 


4.8 


47- 


21.3 


6.6 




2. 


.016 


20. 


12.2 


4.0 


27. 


17.4 


6.4 


33. 


159 


6.9 




3- 


.013 


17- 


14.9 


41 


45. 


14.6 


2.9 


43. 


13-7 


4.9 




4. 


.010 


25. 


16.6 


5.3 


37. 


12.9 


4-9 


33. 


14.0 


5.6 




5- 


.007 


28. 


16.6 


6.0 


46. 


12.7 


4-3 


39- 


14.5 


5-5 


W. 


I. 


.044 


18. 


15.0 


6.4 


34- 


18.0 


4.8 


48. 


18.9 


7-7 




3. 


.013 


34. 


11.4 


2.2 


43. 


16.7 


6.9 


49. 


19.8 


II. 




5. 


.007 


26. 


135 


5.8 


41. 


14.2 


5.2 


43. 


16.0 


6.7 


B. 


1. 


.044 


22. 


15.7 


6.0 


30. 


145 


6.7 


32. 


14.0 


5.8 




2. 


.016 


33. 


12. 1 


4.0 


29. 


17.7 


7.0 


34. 


13.9 


3.8 


C. 


2. 


.016 


17. 


14. 1 


5.1 


20. 


12.0 


2.2 


27- 


16.5 


6.5 


H. 


7- 


.010 


20. 


10.7 


3.2 


26. 


13 I 


3-6 


38. 


12.4 


2.6 



The next distinction in degree of mar^nality is that which is de- 
fined above under the head of '' total substitutions. " I shall not take 
the space to tabulate the data for this distinction, as the number of 
cases is too small to show any characteristic changes with variations 
in the conditions of the experiment. The niunber of cases, however, 
is ample to prove the genuineness of the phenomenon and to show that 
it occurs in the reading of all subjects and in all forms of the material 
used. As previously pointed out these cases were peculiar in the fact 
that they are more illusory in character than any of the other marginal 
distinctions. There is a sense, however, in which the term "total 
substitution" is not a fitting designation for this class of phenomena 
for in almost every case there is traceable some more or less close re- 
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semblance in the general appearance between the word reported and the 
one for which it was mistiJcen, though this resemblance did not con- 
sist in such cases of any literal identity. In these instances the gen- 
eral appearance of the words proved to be the principal perceptual 
cue and was sufficiently strong to produce a feeling of certainty that 
the reading was done correctly. It would seem not unlikely therefore, 
that this aspect of the words is quite generally employed as the prin- 
cipal cue in the recognition of familiar words, more particularly when 
they occur in familiar contexts, and that the cases represented in this 
class are the occasional errors which would naturaUy occur when one 
relies to any large extent upon this factor. 

Table XXI 

The size in millimeters and the frequency in per cents of the marginal distinction 
designated "correct form." 









Paragraphs. 


Pbraaet. 


Words. 


Siibj. 


8eL 


Rate. 


* 


M. 


M.V. 


It 


If. 


M.V. 


* 


If. 


lf.V. 


A. 


1. 


.044 


50. 


17.9 


8.1 


39- 


25.2 


10.9 


22. 


17.3 


6.5 




2. 


.016 


37. 


19.2 


7.8 


42. 


19.1 


6.1 


31- 


17.8 


6.4 




3- 


.013 


42. 


24.7 


7.3 


42. 


23.1 


7.3 


36. 


22.0 


4.8 




4- 


.010 


46. 


16.0 


4.1 


24. 


143 


4-3 


28. 


173 


4.5 




5. 


.007 


38. 


17.3 


4.3 


33. 


16.7 


4-9 


40. 


15.6 


5.5 


M. 


I. 


.044 


12. 


20.7 


10. 1 


30. 


15.2 


7.7 


18. 


17.4 


8.8 




2. 


.016 


II. 


18.6 


3.0 


14- 


15.0 


6.7 


12. 


19.2 


7.6 




3. 


.013 


3. 


14.2 


2.5 


8. 


17.2 


5.6 


6. 


22.2 


8.8 




4- 


.010 


14. 


17.9 


3-3 


9- 


18.9 


6.4 


6. 


16.4 


4-4 




5. 


.007 


6. 


15.2 


6.8 


10. 


15.9 


5.6 


9- 


II. 


2.3 


W. 


1. 


.044 


10. 


16.8 


6.1 


10. 


13.8 


12.0 


4- 


20.5 


7.0 




3- 


.013 


18. 


16.5 


5-5 


17. 


19.4 


6.6 


8. 


17.9 


3.5 




5. 


.007 


9. 


"5 


1.6 


7. 


16.0 


7-3 


II. 


14.9 


6.5 


B. 


I. 


.044 


52. 


17.8 


8.0 


39. 


19.0 


7.5 


31- 


18.5 


7.1 




2. 


.016 


27. 


130 


4.0 


41. 


15.0 


5.3 


22. 


15.6 


6.2 


C. 


2. 


.016 


2. 


20.0 


0.0 


6. 


lO.O 


0.0 


6. 


13.2 


7.7 


H. 


7. 


.010 


10. 


12.3 


5-2 


9- 


132 


2.2 


ID. 


II. 7 


4.0 



The next division of the marginal field is what has been designated 
above as *' correct form. " Under this heading, it will be rraiembered, 
were included all cases of correct or approximately correct descrip- 
ticm of the general appearance of words without any judgment as to 
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their literal constituents. For example, if a subject described the 
general size and shape of a word, or the number of letters with their 
size and position within the word, the observation was scored under 
this head. In such cases subjects were urged to guess, but while they 
were quite certain as to the general form of the word, they were im- 
able to guess with any degree of certainty as to what the word was. 
Table XXI gives the frequency in per cents of this distinction, the 
average size in millimeters, and the variations. 

Perhaps the most striking thing about this table is the comparatively 
great frequency with which this marginal distinction appears as is 
shown by the percentage columns. This is important as evidence of 
the value of the total word form as a cue to word recognition and so far 
verifies the observations made above. With most subjects the fre- 
quency tends slightly to decrease both with the decrease of context 
and with a decrease in the time of exposure. The same observation 
holds also for the absolute amounts read per exposure and for the van- 

Table XXII 

The size in millimeters and the frequency in per cents of the marginal distinc- 
tion designated "incorrect form." 









Paragraphs. 


Phrases. 


Words. 


Subj. 


Sel. 


Rate. 


^ 


M. 


M.V. 


* 


M. 


M.V. 


It 


M. 


M.V. 


A. 


I. 


.044 


21. 


23.5 


6.2 


17- 


26.0 


6.1 


20. 


27.9 


7-5 




2. 


.016 


19. 


21.8 


7 4 


22. 


233 


7.6 


16. 


22.0 


7-4 




3. 


.013 


7. 


195 


7-5 


9. 


19.2 


9.6 


II. 


235 


9.2 




4- 


.010 


10. 


174 


5.8 


7- 


13-3 


4-2 


5. 


20.0 


3-5 




5- 


.007 


4. 


8.0 


1.3 


4- 


16.5 


7.5 


4. 


II. 6 


2.8 


M. 


I. 


.044 


10. 


23.4 


8.3 


13. 


17.3 


70 


9- 


24.0 


5.0 




2. 


.016 


0. 


0.0 


0.0 


9. 


II. 9 


3-3 


3. 


8.8 


4.0 




3- 


.013 


0. 


0.0 


0.0 


I. 


7.0 


0.0 


t. 


12.0 


0.0 




4. 


.010 


I. 


10. 


0.0 


0. 


0.0 


0.0 


I. 


17.0 


0.0 




5. 


.007 


I. 


12.0 


0.0 


I. 


90 


I.O 


3- 


lO.O 


0.0 


W. 


I. 


.044 


3. 


13.0 


9.0 


2. 


25.0 


0.0 


3. 


26.6 


6.0 




3. 


.013 


6. 


14.5 


2.5 


2. 


38.0 


0.0 


4- 


23.3 


150 




5. 


.007 


I. 


15.0 


0.0 


5- 


17.0 


4.6 


3. 


28.0 


8.6 


B. 


I. 


.044 


13- 


23.3 


5-2 


16. 


19.8 


7-9 


5- 


17.5 


9.0 




2. 


.016 


4- 


II. 


7.3 


I. 


15.0 


0.0 


5. 


155 


•5 


C. 


2. 


.016 


2. 


15.0 


0.0 


2. 


12.0 


0.0 


I. 


22.0 


0.0 


H. 


7. 


.010 


7. 


10.7 


2.2 


I. 


10. 


0.0 


2. 


7.0 


3.3 
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ations. Table XXII sets forth the results for the marginal distinc- 
tion designated as ''incorrect form. '' 

The frequency of this distinction is relatively small and grows less, 
in fact almost vanishes, with practise. This fact further reinforces 
the observation that the form of the word is an important factor in 
the recognition process. The figures of this table are valuable, there- 
fore, chiefly as a negative argument and represent the frequency with 
which one may expect such errors to occiu*. Owing to the fewness 
of the cases no very reliable changes in the results are noticeable with 
changes in the conditions of the experiment, barring the one exception 
already mentioned. 

The last marginal distinction to be described is the one which I 
have designated as ''no form.'' The results of this study are set 
forth in Table XXIH. 



Tablb XXIII 

The frequency in per cents with which the presence of words was noted without 
any discrimination of their specific qualitative or quantitative characteristics. 
The average size and variability of such distinctions. 









Paragraphs. 


Phrases. 


Words. 


Subj. 


8eL 


Rate. 


It 


M. 


M.V. 


It 


If. 


M.V. 


it 


If. 


M.V. 


A. 


I. 


.044 


17. 


24.4 


8.6 


25. 


234 


10.3 


20. 


22.0 


10.8 




2. 


.016 


23- 


26.9 


147 


22. 


17.2 


7.6 


33- 


21.7 


9-4 




3. 


.013 


23. 


16. 4 


4-3 


31. 


26.0 


8.2 


31. 


20.0 


9.6 




4- 


.010 


14. 


20.5 


5.4 


12. 


32.0 


6.8 


22. 


20.6 


8.0 




5. 


.007 


I. 


II. 


0.0 


9- 


II. 7 


5.4 


6. 


II. I 


41 


M. 


I. 


.044 


17. 


12.6 


6.0 


10. 


12.2 


9.8 


7- 


23.2 


14.4 




2. 


.016 


19- 


II. 6 


7.9 


16. 


II. 7 


5-4 


10. 


12.4 


7.2 




3. 


.013 


20. 


9.0 


3.6 


II. 


11.4 


4.7 


i6. 


10.2 


5.1 




4. 


.010 


22. 


12.4 


7.2 


9- 


12.4 


4.4 


20. 


II. 2 


30 




5- 


.007 


I. 


10. 


0.0 


10. 


9.4 


2.6 


12. 


9.1 


4.7 


W. 


X. 


.044 


5. 


32.3 


II. 


2. 


4.0 


0.0 


I. 


12.0 


0.0 




3- 


.013 


15. 


14.2 


5.6 


0. 


0.0 


0.0 


10. 


14.8 


2.2 




5. 


.007 


4. 


12.5 


2.5 


0. 


0.0 


0.0 


3- 


18.3 


I.O 


B. 


I 


.044 


19. 


14.4 


4-9 


18. 


17-5 


6.2 


20. 


16.3 


8.7 




2. 


.016 


24. 


lO.O 


4.8 


18. 


8.0 


4.1 


25. 


II. 9 


4.5 


C. 


2. 


.016 


II. 


10.4 


5.6 


6. 


25.0 


7.0 


9. 


235 


9.1 


H. 


7. 


.010 


14. 


II. I 


4.7 


7. 


13.1 


4.8 


4. 


10.8 


2.0 
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As already pointed out, the frequency of this marginal distinction 
s perhaps not as fully represented as it should be, but it is neverthe- 
less sufficiently full to indicate the genuineness of the fact. Although 
the impressions are the least clear and definite of aU the marginal dis- 
tinctions, and hence the least faithfully representative of the words, 
yet subjects judged with no greater difficulty nor with less certainty. 
From these facts the presumption is very strong that this aspect of 
words is the first to strike the attention of practised readers, partic- 
ularly in dealing with familiar material. 

The table shows no very significant changes in the frequency and size 
of the groups perceived with changes in the conditions of the experiment. 

We will now pass to a study of the relation of the separate processes 
of word perception simultaneously present within the reading field. 
Table XXTV shows to what extent the size of the area of correct read- 
ing varies with a variation in the number of marginal distinctions. The 
table was derived by choosing at random about half of the total number 
of experiments and tabulating them imder the foUowing headings: 
(1) No marginal distinctions, (2) one marginal distinction, (3) two 
marginal distinctions, etc., without regard to the nature of those dis- 
tinctions. The table contains the average size of the area of correct 
reading for each individual under each of the above conditions. 

Tablb XXIV 

Variations in the area of correct reading concomitant with variations in the 
number of marginal distinctions simultaneously present. Figures represent 
millimeters. 





No margliuil 
distinction. 


One manrinal 
distinction. 


Two mftrffinal 
distinctions. 


Subject. 


M. 


M.V. 


M. 


if.v. 


If. 


M.V. 


A. 

M. 

W. 

B. 

C. 

H. 


28.5 7.0 
22.9 8.0 
31.8 8.8 
24.5 8.6 
26.0 8.1 
18.5 5-7 


259 5.8 
16. I 7.3 
22.9 6.8 

19.0 5.6 
18.6 6.3 

13.1 4-6 


19.0 6.6 

17. 1 8.7 
21.8 10.2 
17.6 5.4 
14.4 4.2 
13.0 6.6 



The table shows aknost uniformly that the size of the area of correct 
reading varies inversely as the number of marginal distinctions. It 
seems obvious, therefore, that the ''forward glance" during a given 
exposure has the effect of lessening the amount which can be read 
correctly during that exposure. 

Applying this result to the process of ordinary reading and assuming 
what seems to be highly probable, viz., that within the normal reading 
pause we have the same divided state of attention as in the single 
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exposure, the presence of distinct marginal impressions undoubtedly 
has a narrowing effect upon the focal area. In order to account for 
the selection of this method of perception in normal reading we must 
suppose that this narrowing effect is more than compensated for by the 
increased quickness of perception of the impressions within that area, 
and hence the more rapid succession of reading pauses, made possible 
by the preparatory and orienting effect of the right-hand marginal 
impressions of one reading pause upon the focal impressions of the 
pause immediately following. 

Experiment 7. Tachistoacopic Reading by Succeanve Exposures by 

Naive Subjects. 

A possible argiunent against the above generalizations may be made 
on the ground that the subjects in the previous experiment were much 
accustomed to introspection and may have thus created artificial dis- 
tinctions, such as would not appear to the inexperienced observer. In 
order to test this point, experiments were made with a number of 
naive subjects under the same conditions. The subjects were advanced 
students in the imiversity and in general intelligence would compare 

Tablb XXV » 

Amounts read correctly per exposure by naive subjects, and the frequency 
in per cents of the appearance of marginal distinctions. Figures represent milli- 
meters. Time of exposure, .044 second. 





Amount read per 
exposure. 


Frequency of one 
margin. 


PrequencY of two 
margins. 


Subject. 


M. 


M.V. 


It 


* 


W. 


20.5 7.1 


56. 


3. 


B. 


19-4 6.5 


44. 


0. 


L. 


23.1 8.1 


62. 


2. 


H. 


36.0 9-3 


32. 


0. 


McD. 


31.9 8.0 


52. 


3. 


Y. 


29.2 II. I 


47- 


9- 


J. 


25.5 8-3 


16. 


2. 


B. 


19.0 6.7 


56. 


0. 


Jo. 


14.3 4-7 


36. 


I. 
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favorably with the psychologists in the experiments already recorded. 
Each subject read at one sitting a paragraph of one hundred words 
by the method of successive exposures. They were instructed to com- 
plete the reading in the fewest possible exposures and after each ex- 
posure to describe all they saw, stating the degree of certainty in every 
case. Aside from these general instructions the operator was par- 
ticularly careful to avoid giving any hint as to the different distinc- 
tions which might be seen. Table XXV presents for nine individuals 
the average amoimt in millimeters read correctly per exposure, also 
the number of times in per cents when marginal distinctions were re- 
ported. 

These figures show that naive subjects reported marginal distinctions 
on an average about fifty per cent of the time. The number of dis- 
tinctions simultaneously present and their distribution over the vari- 
ous gradations are approximately the same as in the experiment with 
the trained psychologists (see Table XIX). Apart from the question 
of marginal distinctions this table has some interest from the stand- 
point of individual differences. Although more individuals would be 
needed for a thorough study of this question, from the results we should 
expect to find marked differences in the average amounts read per ex- 
posure as well as in the relative sizes of the variations. 

II. THE DEVELOPMENT OP WORD PERCEPTION 

J. Synthetic Phase 

It has already been pointed out that each of the marginal phenomena 
above described represents a t3rpical stage in the development of the 
perception of a single word. This view was corroborated by the re- 
sults of the unsuccessful exposiu'es (cases of incomplete recognition 
excluded from my tables) in which only certain general aspects of 
words were noted. As the cases were comparatively few and the re- 
sults not new or different from the mRrgiTml distinctions already de- 
scribed, I have not taken the space for tabulating the data. Further 
corroborative evidence of this view was also foimd in the introspective 
reports. Under the most favorable circumstances subjects were able 
to describe one or other of these stages in the development of the per- 
ceptual process, the best conditions obtaining when the intensity of 
the stimulus approximated most nearly to the threshold for word rec- 
ognition. 

It is not to be inferred, however, that the perceptual distinctions 
described in the above tables represent all the possible stages in the 
process of word recognition. On the contrary, these distinctions are 
adequate only in the recognition of familiar words, while in dealing 
with strange or difficult words or in the case of some imf avorable con- 
dition a further development of the perceptual process is necessary 
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before the final stage of word recognition is reached. This further 
development in contrast with the earlier phase represented by the 
tables is primarily analytic in character and consists of a more or less 
detailed analysis of the words into their literal components. A study of 
this analytic phase will be the next problem. 

2, Analytic Phase 

The best opportunity to obtain objective data for this study is found 
in those cases of partial word perception which lie nearest the threshold 
for word recognition. These have been designated partial substitu- 
tions, and in them this phase of analysis is best represented. While it 
is evident that in many instances the analysis is carried far beyond the 
point required in normal reading because of the unusual conditions, 
it is not in the least probable that the laws which obtain in tachisto- 
scopic reading are qualitatively different from those which prevail 
in ordinary word recognition. 

From this study of partial substitution it is hoped to obtain exact 
information concerning the extent to which word recognition in these 
instances depends upon recognition of the Uteral components of the 
word, also the comparative value of different letters as cues for such 
recognition, and the variation of these values with the different posi- 
tions within the word. 

The study was carried out by making for each subject tables of fre- 
quency (1) for all the letters contdned in the words for which substi- 
tutions were made, (2) for all the letters in the substitute words which 
appear also in the words for which they were substituted. From 
these tables, then^ the frequency of recognition for most of the letters 
of the alphabet was calculated in per cents. When distributed in this 
manner, the nimiber of cases for different letters varied considerably, 
and in only a comparatively few instances was the number of cases 
as great as could be desired. Table XXVI presents the results for 
those individuals from whom the largest nimiber of cases was obtained. 
The number of cases for a given letter appears alongside the per cent 
as a check on the latter. 

Several considerations must be kept in mind in the interpretation 
of this table. In the first place, it is certain that these results are not 
due to the operation of one factor merely but to the cooperation of a 
number of factors. For example, we are not justified in assuming 
that these figures represent in any exact sense the relative percepti- 
bility of the various letters, although this factor of perceptibility is 
without doubt partly responsible for the disparity of the per cents. 
So also for various other possible factors, no one of which can be as- 
simied a priori to be wholly or even chiefly responsible for the result 
in any given instance. Among the most important of these possible 
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Table XXVI 

The frequency in per cents with which various letters are found in common 
between words and their substitutes, in the cases of partial substitutions. 





Subject A. 


Subject M. 


Subject W. 


Sutflect B. 


I^etters. 


Cases. 


It 


Cases. 


It 


Cases. 


It 


Cases. 


It 


A. 


153. 47. 


236. 45. 


106. 47. 


67. 41- 


B. 


53 30. 


48. 35. 


25. 32. 


10. 50. 


C. 


72. 50. 


72. 54. 


20. 60. 


23- 39. 


D. 


92. 45- 


145. 34. 


71. 38. 


31.. 51. 


E. 


229. 51. 


432. 63. 


197. 54- 


III. 51. 


F. 


49- 49. 


105. 54. 


21. 38. 


34. 67. 


H. 


80. 63. 


123. 50. 


48. 54. 


31- 35. 


I. 


"3. 57. 


230. 60. 


83. 43. 


69. 45. 


L. 


98. 46. 


121. 55. 


48. 50. 


43. 63. 


N. 


121. 57. 


235. 54. 


82. 49- 


73- 52. 


0. 


161. 65. 


161. 56. 


66. 56. 


59. 52. 


R. 


169. 47. 


237. 60. 


' lOI. 46. 


60. 33. 


S. 


155- 45. 


234 34- 


123. 47. 


78. 43- 


T. 


128. 55- 


194. 59. 


91- 75. 


62. 69. 


Y. 


47. 49. 


49. 61. 


15. 40. 


27- 


66. 


M. 

M.V. 




50.4 
6.0 




51.6 
9.4 




48.6 
7-9 




50.4 
9.0 



factors which suggest themselves are the following: (1) Frequency 
of occurrence of the letter. It is a notable fact that in every case where 
the frequency of a letter is relatively great the per cent of recognitions 
is at least equal to the average and in some cases above it. It is nat- 
ural to suppose; therefore, that there is some relation between these 
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facts. (2) The relative perceptibility of letters. It is a well established 
fact since the work of Professor Cattell^ that the different letters of 
the alphabet vary widely in their perceptibility. The following is 
the order of perceptibility found by Professor Cattell, beginning with 
the least difficult: wzmdhknxayoglqisctrpbvfuje. 
Table XXVII compares these results of Cattell with those of four 
of my subjects. The letters appear in the column under each subject's 
initial in the order of the size of their per cent of recognitions, beginning 
at the top of the column with those having the highest percentages. 
The braces connecting certain letters indicate that these letters had 
the same per cents. 

Tablb XXVII 



Comparison of the relative perceptibility of letters with the per cent of recog- 
nitions incident to the recognition of words. 


ReUUve perccpCibiUty. 


Per cent of recognitions. 


A. 


M. 


w. 


B. 


I. 


d e t 


t 


2 




h h y c 


f 


3 
4 




n nl rl o 
a i J iJ h 


y 

1 


5 




y t t e 


ol 
nj 


6 




e o 1 


7 




1 c 1 n 


el 


8 






s' 
a 


9 




b 


ID 






r 


i 


XI 




t aj h i 


s 


12 




r lay 


a 


13 




b si b f 
f dJ si d/ 
e b dJ b 


c 


14 




h 


15 




r 



This table shows little or no correspondence between the per cent 
of letter recognitions and the relative perceptibility. If therefore the 
relative perceptibility of letters is a factor in determining the per cents 
of their recognition incidental to the process of word recognition, its 
influence is almost wholly obscured by the combined influence of 
other factors. (3) Accidental conditions, such as favorable focus of 
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the attention, etc. It is highly probable that the factor of chance 
played at least a small part in producing my results, since the exposure 
time for word recognition could not be reduced to a point below that 
within which recognition of any of the letters would still be possible. 
As a consequence, many letter recognitions must have occurred in spite 
of the lack of prominence of the letters, and this fact doubtless con- 
tributed a certain share in swelling the per cents unduly for certain 
letters in the table. The method of calculation also possibly contrib- 
uted more or less to this same end. For example, it is probably not 
true that all the letters which are found in common between the word 
and its substitute were actually perceived. On the contrary, it is quite 
likely that at least a certain small percentage of these letters chanced 
to make up a part of the word substituted and that they were not ac- 
tually perceived in the original word. It is evident, however, that both 
these sources of error would tend gradually to correct themselves as 
the number of the cases increased though perhaps never quite com- 
pletely, since chance would always tend to favor those letters which 
occur most frequently. (4) The kind of print. It seems quite prob- 
able that the relative perceptibility of different letters must vary more 
or less with the different styles of type. One might expect this to be 
especially true for certain letters if he were to compare typewriting 
with ordinary print. Owing to mechanical necessity, all letters in 
t3rpewriting are given the same space regardless of their width. This 
arrangement gives advantage for purposes of perception to the narrower 
letters, such as "1" or "i", while the broader letters, such as "m" or 
^'w" are actually compressed laterally and their normal proportions 
distorted. (5) Position of the letters within the word. It is evident 
from the results of Huey,* Pillsbury,* and others that the position of 
the letter within the word modifies its chances of being perceived. 
Pillsbmy, for example, tested the comparative value of the different 
positions within the word by means of mutilations and omissions of 
letters, his conclusions being based on the comparative frequency with 
which subjects overlooked these changes. This method, however, 
has one defect which the author himself recognizes, namely, the difficulty 
of keeping the subject in total ignorance of the method and purpose 
of the experiment. (6) Association. It is probable that certain 
combinations of letters have an optical completeness and prominence, 
due rather to the group as such than to the objective prominence of 
any of the letters composing the group. If this were true, there would 
be a tendency for those letters frequently appearing in such groups 
to acquire a sort of fictitious prominence which would to this ex- 
tent swell their per cents beyond the true measure of their relative 

* "The Psychology and Physiology of Reading," Am. J. Psych,, xo, ii, la* 

• "The Reading of Words," Am, J, Psych,, 8. 
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perceptibility. (7) Special interest for particular letters. The in- 
trospective reports show that almost every subject had certain 
favorite letters which he mentioned more frequently than others. 

A t3rpical case is presented in the following table which compares 
for subject A. the percentages of special mentions of various letters 
with the percentages of actual recognitions of these same letters, 
as evidenced by their appearance in substituted words. 

Tablb XXVIII 

The frequency in per cents of the introspective reports of prominent letters 
compared with the frequency of their actual recognitions. Subject A. 





Number of 


)(of 


jtofsnb- 




letters. 


reported letters. 


stituUons. 


A 


189. 


9-5 


47. 


B. 


36. 


8.3 


30 




C. 


39. 


23. 


50 




D. 


85. 


18.8 


45 




B. 


290. 


4.7 


51 




F. 


56. 


23.3 


49 




G. 


43- 


30.2 


38 




H. 


147. 


8.1 


63 




I. 


141. 


"•3 


57 




L. 


82. 


26.8 


46 




M 


39. 


10.2 


59 




N. 


152. 


8.5 


57 




0. 


145- 


7.5 


65 




P. 


39- 


46.1 


61 




R. 


137- 


10.2 


47 




S. 


162. 


II. I 


45 




T. 


198 


9- 


55 




U. 


55- 


12.7 


30 




Y. 


33. 


18. 1 


49 





This table shows that the favorite letters were usually, though not 
always, among the more objectively prominent letters. But the un* 
reliability of the introspective reports as indices of the values of different 
letters as cues for word perception is indicated by the fact that in only 
one case out of seven favorite letters is the percentage of actual rec- 
ognitions high, few of them being up to the average. 

Doubtless there are other factors still which cooperate in producing 
the results in Table XXVI, but I have eniunerated a suflScient niunber 
perhaps to warrant the belief already stated, that these figures are not 
due to any one but rather to a number of causes. 

In general it may be observed that in the partial substitutions 
about fifty per cent of the letters were recognized. On this basis it 
would presumably require a still greater percentage of letter recogni- 
tions for correct perception of these same words, provided the condi- 
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tions remained the same. On the other hand, m case the conditions 
were most favorable and the words not strange or unfamiliar, it is 
reasonably certain that no such large percentage of literal recognitions 
would be required. 

The relative frequency of recognition of the different letters of the 
alphabet differs rather widely and the curve of literal recognition in 
context does not correspond to that of the same letters when taken in 
isolation. As pointed out above, this lack of correspondence is ex- 
plainable on the ground of the complexity of the conditions involved 
in the recognition of letters incident to the recognition of words. 

It may be noted, finally, that my results do not favor the so-called 
dominant letter theory of Zeitler,* Mesmer,* and others, which main- 
tains that the most objectively prominent letters play the principal 
r61e in the process of word recognition. While there is probably 
no doubt about the presence of this factor its influence is generally 
very much obscured and often apparently obliterated by the combined 
influence of other factors. 

Among the different factors enmnerated above as complicating the re- 
sults of Table XXVI, the factor of the position of letters within the 
word offers the best opportimtity for further quantitative study. 
In Table XXIX the per cent of letter recognitions in the partial sub- 
stitutions are arranged for five different positions within the word. 
The calculations are made for six subjects and the method is the same 
as that employed in deriving Table XXVI. 

Table XXrX 

Frequency in per cents of letter recognitions for five different positions with- 
in the word. 





First. 


Second. 


Middle. 


Pre-final. 


Final. 






Subject. 


Cat'Mi 


J^ 


Cues. 


It 


Cues. 


i 


Cases. 


f 


Cases. 


If 


M. 


M.V. 




A 


374- < 


54.1 


335. 


59.2 


640. 52.1 


239. 39.1 


391. 41.2 


51.3 8.7 


M. 


300. 


58.3 


262. 


52.2 


519. 50.6 


238. 44-9 


289. 35.6 


50.3 8.3 


W. 


233. 


65.2 


220. 


61.8 


440. 55-9 


184. 50.5 


233- 59-6 


53.8 9-5 


B. 


143. 


69.2 


135. 


61.4 


301. 33-8 


123. 31-7 


133. 40.6 


51.4 18.9 


C. 


61. 


♦7.5 


60. 


5o.o 


92. 43.4 


44- 45.4 


61. 37.7 


46.8 7.4 


H. 


85. 


58.8 


77. 


70/1 


112. 58.9 


70. 44.2 


86. 65.1 


59.6 71 



^ Tachistoskopische Versuche fiber das Lesen, Phil. Studien, 16, 380-463. 
* Archiv fUr die GesanUe Psychologie, 2. 
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This table shows that for all individuals literal reading is decidedly 
more likely to occiir in the first than in the latter portion of the word. 
There is, however, only one complete agreement among the different 
individuals in the order of preference for the different positions within 
the word, viz., between the results of subjects W. and B. Table XXX 
compares directly the order of preference for the five positions within 
the word. 

TablbXXX 

Five positions within the word ranked in the order of frequency of literal recog- 
nition for six subjects. 



Rank. 


Subject 
A. 


Subject 


Su^ect 


Subject 


sug«* 


8-g«* 


Mean 


I. 


ISt 


2nd 


ISt 


ISt 


and 


2nd 


and 


2. 


2nd 


ISt 


and 


snd 


ISt 


5th 


ISt 


3- 


3rd 


3rd 


5th 


5th 


4th 


3xd 


3rd 


4- 


5th 


4th 


3rd 


3rd 


3id 


ISt 


5th 


5. 


4th 


5th 


4th 


4th 


5th 


4th 


4th 



If we divide the word into three portions so that the first portion is 
composed of the first and second letters of the word, the third of the 
pre-final and final letters, and the middle of the remaining letters, we 
get the results set forth in Table XXXI. 

Tabi^XXXI 
Frequency in per cents of letter recognitions for three different positions within 
the word. 





Pirrt. 


Middle. 


I^t. 


Subject. 


Cases. it 


Cases. it 


Cases. 


It 


A. 


709. 61.8 


640. 52.1 


630. 


41.2 


M. 


562. 60.1 


519- 50.6 


527. 


39.8 


W. 


453- 63.5 


440. 55-9 


417. 


55.6 


B. 


278. 65.3 


301. 33.8 


256. 


36.1 


C 


121. 53-2 


92. 43.4 


105. 


41-5 


H. 


162. 64.4 


112. 58.9 


156. 


54.6 



FACTORS IN WORD PERCEPTION 45 

With one slight exception in the case of subject B. this table shows 
that there is a regular decrease in the amount of literal recognition as 
we progress from the first to the last portion of the word. This con- 
firms the results of Pillsbury* who foimd that subjects were less liable 
to overlook mutilated or omitted letters in the first than in the latter 
portions of the word. 

It is perhaps worth noting that in word recognition we have appar- 
ently the same law repeating itself on a modified scale, which was f oimd 
to hold for the total reading field. It will be remembered that in the 
total reading field the region of clearest vision habitually occurred in 
the left-hand portion, and the distinctness of perception gradually de- 
creased toward the right. This law, however, can be said to hold for 
word recognition only in a general way, for when we examine the 
results in detail we find several distinct varieties or types of word per- 
ception, some of which do not harmonize with this statement. All 
that can be said is that the most frequently occurring type of word 
recognition does agree with the above statement of the law. The 
following table contains examples of the different types of word per- 
ception considered from the standpoint of the position of the recognized 
letters within the word. The first column contains the words actually 
presented, and the second colimm contains the substitutions. The itali- 
cized letters are those f oimd in common between the two sets of words. 

» op. Cit 



46 



PERCEPTUAL FACTORS IN READING 



Table XXXII 

Examples of substitutions showing different types of word perception. Per- 
ceived letters are italicized. 

First Letters 



Word. 


Substitution. 


Word. 


Sutaatutioti. 


bed 


best 


gresLt 


grey 


soon 


some 


that 


there 


many 


image 


plotB 


place 


UiM 


HUthd 


baby 


Mrd 


fretzit 


fresh 


Paris 


part 


caught 


crawling 


this 


Acre 





Biiddle Utters 




Word. 


SttbtUtution. 


word. 


Subitittttioii. 


dofkness 


charge; 


ban^fit 


hand 


among 


one 


bu$M 


m 


W0Tl4Ps 


couldn't 


home 


from 


dead 


sat 


leaky 


bet 


pan 


grass 


and 


in 


beaver 


leaves 


flowers 


Tom 



Last Letters 



Word. 


SubeUtution. 


Word. 


Substitutioti. 


home 


came 


love 


have 


by 


they 


ne^ 


most 


heard 


board 


water 


offer 


shaggy 


grizzly 


holding 


bringing 


mere 


there 


main 


chain 


found 


hand 


pet 


set 



First and Middle Letters 



Word. 


Subctitution. 


Word. 


SubeUttttion. 


hear 


^reaps 


sat 


was 


honest 


home 


hunter 


hawU 


thief 


thier 


Plots 


Plaio 


steal 


stand 


honey 


home 


beaver 


because 


given 


graves 


great 


grey 


watched 


which 
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Word. 


Satwtlttttion. 


Word. 


Substitution. 


houses 


homes 


fdl 


faU 


hatched 


harassed 


and 


aid 


chUd 


covdd 


hvd 


bit 


booty 


btaxUy 


after 


afraid 


poor 


power 


secvae 


scene 


wasiis 


worst 


supply 


simply 



Middle and Last Letters 



Word. 


Sabttitution. 


Word. 


Substitution. 


pier 


cha»r 


holding 


bmlddng 


hig 


high 


booty 


honey 


iaU 


trail 


saw 


anew 


contusion 


question 


heaped 


damped 


heavy 


baby 


never 


ever 


hand 


\and 


have 


leave 



First, Biiddle, and Last Letters 



Word. 


Substitution. 


Word. 


Substitution. 


printed 


prolonged 


era 


are 


nest 


next 


liberty 


briefly 


there 


three 


flowers 


follows 


peasant 


present 


sculptor 


scrupulous 


centuries 


continuous 


hordes 


herds 


possessed 


oppressed 


VMe 


letters 



The comparative frequency of the diflferent t3rpe8 is shown in Table 
XXXin. The initials F., M., L., etc.^ in the first column represent the 
various positions within the word, i. e., first, middle, last, etc. Those 
at the head of the colmnns stand for the different subjects. 

Table XXXIII 

The comparative frequency in per cents of the different types of word per- 
ception as determined by the positions, within the word, of the literal recognitions. 



Type. 


A. 


M. 


w. 


B. 


P. 


24. 


24- 


15. 


25 


F. and M. 


14. 1 


28. 


9. 


15. 


F. and L. 


32.2 


6. 


14- 


16. 


F., M., and I 


19.7 


15. 


26. 


17. 


M. 


3- 


14- 


10. 


II. 


M. and L. 


9.2 


9. 


6. 


8. 


L. 


8. 


4. 


20. 


8. 
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According to these results the curves presented in Tables XXIX 
and XXXI represent a mixture of species or types of word perception^ 
the size of the per cents for the different positions within the word 
indicating the relative frequency of each type. While the table shows 
that certain types occiu* more frequently than others, yet the distribu- 
tion of the percentages is sufficiently wide to indicate that all the types 
are real. 

Another question of interest is the relative frequency of recognition 
of different letters in the different positions within the word. Although 
this is a rather large problem in itself and would require in most in- 
stances a much larger nmnber of cases than we have at oiu* disposal, 
I venture to submit samples of the results, chiefly on accoimt of the 
method, which promises to be of value in the solution of this problem. 
Table XXXI V contains the per cents of recognitions for various letters 
in different positions within the word. The niunber of cases appears 
in connection with the per cents, and in no instance is the figure 
given for any position based on fewer than ten cases. 

In stud)dng these figures it should be kept in mind that for any par- 
ticular letter there may be certain positions within the word where it 
rarely, if ever, occurs. This fact accoimts for many of the vacant spaces 
in the table, but it still leaves a considerable niunber of cases to be ex- 
plained on the groimd of mental peculiarities of subjects, character- 
istic forms of letters, accidental circumstances, or various combina- 
tions of these and other factors. We may, however, be fairly justified 
in disregarding the factor of accident wherever the curves assume a 
marked degree of uniformity or of regularity. In such cases it seems 
quite probable that we have at least a rough measure of the two re- 
maining factors for different letters in different positions within the 
word, though it may not be possible in any instance to analyze and com- 
pletely evaluate each of these factors from the data at hand. This 
view is rendered more probable by the fact that the percentages vary 
only to a slight degree with the nimiber of cases, indicating that we 
are likely to obtain a characteristic curve for any letter in the different 
positions within the word with comparatively few cases. 

I shall not take the space to comment upon these figures further than 
to point out that here again my results fail to lend any material sup- 
port to the dominant letter theory, referred to above, and to suggest 
what appear to be more probable dominant influences in deter- 
mining the higher percentages in the table. The first of such influences 
which may be suggested is the comparatively great frequency with 
which certain letters occm* in ordinary discourse, such, for example, 
as the letters a, e, n, r, s, etc. As noted above we find that in every 
case where the frequency of occurrence of a letter is relatively great 
the per cent of recognition is high, and this, regardless of the prominence 
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of the letter conoemed. The other influence which appears to be a 
dominant one is the mental habit of associating letters with their cus- 
tomary positions within the words. Where such a habit exists it is 
evident that a minimal stimulation is all that is necessary in order to 
produce an adequate impression of any letter. But no such habit 
can be adequate to meet all situations in which a given letter may occiu*. 
Hence the frequent liability to error in spite of the habit. Certain 
letters and certain positions within the word are naturally more sub- 
ject to such amtHguities than others and these are indicated in the 
table by their comparatively low percentages. 
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Tablb XXXIV 

Percentage of recognitions for various letters in different positions within the 
word. 



1 

Subject. 


Flwt. 


Second. 


Middle. 


Prc-final. 


Pinal. 


Cases. 


i 


Cases. 


% 1 Cases. 


Jt 


Cases. 


Jt 


Cases. 


i 


A. 


A. 


29 


72.0 


63 


60.3 


52. 


34.8 


II. 


45 4 






M. 


15. 


46.6 


48. 


52.0 


69. 


39 I 


II. 


63.6 






W. 






34. 


52.8 


58. 


55.1 


II. 


63.6 






1 B. 


10. 


60.0 


25- 


64.0 


24- 


16.0 










c. 


A. 


40. 


72.5 






28. 


42.5 










M. 


10. 


80.0 






II. 


63.6 










W. 


II. 


72.7 


















B. 










II. 


18.0 










D. 


A. 










15. 


60.0 






62. 


38.7 


M. 


16. 


56.2 














51. 


31.3 


W. 










17. 


47 






38. 


50.0 


B. 


















18. 


38.8 


E, 


A. 


10. 


50.0 


33. 


48.4 


68. 


62.3 


60. 


50.0 


53. 


43-3 


M. 






50. 


64.0 


64. 


57.8 


58. 


63.8 


42. 


57.1 


W. 






56. 


69.6 


45. 


71.1 


51. 


62.7 


48. 


66.6 


B. 






25. 


68.0 


34. 


35.2 


28. 


53.5 


21. 


38.0 


/. 


A. 






35. 


48.5 


58. 


60.3 


17. 


17.6 






M. 


14. 


57 


33 


81.8 


41. 


43-9 


10. 


50.0 






W. 






25. 


64.0 


48. 


45.8 










B. 






16. 


68.7 


39. 


33.3 
















L. 










A. 


16. 


37-5 






28. 


571 


43- 


53.4 






M. 


15. lOO.O 






22. 


63.6 


12. 


33.3 






W. 


14. 


42.8 










18. 


50.0 


10. 


83.3 


B. 










14. 


42.8 
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N, 












A. 


13- 


46.0 






31. 


70.9 


39. 


45-5 


41 


36.5 


M. 






14 


71 4 


27- 


66.6 


32. 


56.2 


37- 


35.1 


W. 






13 


69.2 


23- 


47.8 


23. 


65.2 


28. 


60.7 


B. 






10. 


80.0 


18. 


38.8 


26. 


50.0 


II. 


18. 1 










C 


^ 








A. 


20. 


90.0 


63- 


77 


47 


51.0 


19. 


42.1 






M. 






37- 


62.1 


26. 


65.3 


15 


66.6 






W. 






29 


48.2 


13- 


53.8 


14- 


42.8 






B. 






24- 


66.6 


22. 


45 4 










P, 


A. 


18. 


100. 


10. 


0.0 


16. 


37-5 










M. 


25. 


68.0 






33- 


51.5 










W. 


35- 


82.8 






13- 


61.5 










B. 


14. 


92.8 


















R, 


A. 


15- 


60.0 


19- 


89.4 


99 


50.5 


20. 


25.0 


10. 


60.0 


M. 


13 


84.6 


18. 


72.2 


63. 


65.0 


16. 


50.0 


16. 


56.2 


W. 






II. 


72.7 


51. 


74.5 


12. 


33-3 


16. 


50.0 


B. 










30. 


20.0 


13- 


38.4 






S. 


A. 


33- 


39 6 






39- 


61.5 


26. 


38.4 


68. 


27.9 


M. 


25- 


56.0 






27. 


48.1 


20. 


15 


54- 


28.8 


W. 


23- 


73-9 






35- 


68.5 


16. 


56.2 


44- 


43.1 


B. 


II. 


54-5 






17. 


58.8 






38. 


28.9 


T. 


A. 


29. 


75.8 


10. 


60.0 


49- 


571 






29. 


41 3 


M. 


16. 


75 


12. 


75 


39 


717 






25. 


0.0 


W. 


18. 


72.2 


12 


lOO.O 


38 


78.9 






23. 


95 6 


B. 


16. 


75 






24. 


50.0 






14. 


78.5 



CONCLUSION 

It remains now to say a few words by way of general summary and 
application of the results of this study. 

In the first place it has been found that in every form of experiment 
in reading which has been undertaken, the influence of context as a 
condition of word recognition is strongly in evidence. It has also 
been found that for all subjects ranging from about the age of nine 
or ten up to maturity the constituent elements of context, i. e., the 
phrase, the sentence, the paragraph, etc., have each a definite 
measurable value as an aid in the perception of words. The influence 
of these factors varies with different individuals, with maturity, with 
practise, and with different selections of reading matter, the latter 
varying directly with the perfection of context. The value of these 
facts as a warrant for the pedagogical practise of presenting reading 
lessons in the form of whole compositions is obvious. 

In the study of the detailed processes of word perception, it is seen 
that within the area of relatively clear vision, certain portions only 
are selected, m., the focal area or the area of distinct attention and that 
of the right-hand marginal impressions, and these taken together 
constitute what I have chosen to call the reading field. Within this 
reading field there are going on simultaneously and side by side several 
relatively independent processes of word perception whose degree 
of development varies inversely as their degree of marginality. This 
development extends through the entire series of perceptual 
distinctions represented in the tables, from complete recognition on 
the left to a mere consciousness of ** something there" on the right. 
Besides the distinction between margin and focus there are within 
the focal area itself further distinctions corresponding to the separate 
word impressions, and the order in which these impressions come to 
full recognition is normally the order in which the words appear 
upon the page in passing from left to right. In the majority of cases 
little further analysis is necessary, the general characteristics of the 
word being the principal cue by which it is recognized. But when 
some unfavorable condition arises or when the words are strange or 
difficult, additional distinctions within the word are required, in which 
case the parts of the word must be brought more or less clearly to 
consciousness according to the degree of the complexity or unfamil- 
iarity. It is probable, however, that a certain amount of literal anal- 
ysis always takes place in some of the words, even under the most 
favorable conditions, owing to the peculiar structure of the visual ap- 
paratus, to the chance direction of the attention, and to the prom- 
inence of certain letters due to their size, peculiar structure, or to 
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their more or less favorable position within the word. But as a 
rule, conscious resort to such analysis occurs only when the word 
presents some special diflBculty and spontaneous recognition by 
means of the more general attribute of the word fails. The form of 
procedure may, therefore, be described as predominantly synthetic- 
analytic, the amount of analysis tending in general to decrease with 
growth in ability and with increasing familiarity with the material 
read. Something doubtless depends upon the peculiar mental habits 
of the individual, possibly also upon the methods employed in learning 
to read. 

It has been possible to make an exact statement of the amount of 
this analysis only in the case of partial substitutions, which, of course, 
classify under the head of difficult or strange words, or what is equiva- 
lent to this, viz.f familiar words read imder unfavorable conditions. 
In such cases it has been found in general that about fifty per cent, 
of the letters are recognized. More literal recognitions take place in 
the first part of the word, the frequency decreasing regularly from the 
first to the last. The frequency of such recognitions is not influenced 
to any very appreciable extent by the prominence of the letters, but 
rather more by the frequency of occxurence of the letters in the words, 
and by the mental habit of associating letters with their customary 
positions within the words. An important appUcation of this anal- 
ysis of the reading field is that the perceptual distinctions thus found 
may be taken as representing more or less approximately, the stages 
which actually occur in the process of word recognition. These stages 
are not easily demonstrable by the method of introspection and it 
is only as they appear as separate perceptual distinctions within the 
total reading field that it has been possible to obtain any definite quan- 
titative statement of their real character. 

As to the cause of the perceptual distinctions described in the tables 
the present state of our knowledge is not such as to admit of a satis- 
factory theory. But if we consider these results in the light of related 
studies of the problem of reading, a nimnber of factors seem fairly well- 
defined. Among the most important of these are the following: (1) 
The lack of uniformity in retinal development. It is well known that 
the portion of the retina involved in a single perceptual group, which 
probably never exceeds a latend diameter of more than two or three 
millimeters is, as a rule, never uniform in its development, its sensi- 
tivity tending gradually to decrease towards the periphery.^ 

As a result the intensity of retiniJ impressions would tend to vary in 
the same direction as would also the recognition of these impressions. 
But the exact extent to which this factor is responsible for the inequal- 

* W. C. Ruediger. "The Area of Distinct Vision/' Archives of Psych., No. 5, 
1907. 
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ity of perceptual distinctions is thro^^n in doubt by the fact that in 
the smaller perceptual groups where the factor of retinal disparity 
would presumably be reduced to a negligible quantity, we still find 
these perceptual distinctions to prevail. We are accordingly forced 
to look further for a satisfactory explanation. (2) A second probable 
cause is to be found, therefore, in the fading out of the impressions 
on the right-hand marpn of the visual field (on the left-hand margin 
of the retina) during the time required for the attention* to pass from 
left to right over the separate word impressions, converting each in 
turn into a definite word perception. The time thus required is prob- 
ably a function of the time required actually to speak the words. 
But this fading out process can hardly be assimied to take place until 
after the stimuli have ceased to operate. Assuming that these percep- 
tual distinctions hold for normal reading, the suggestion is that the 
reading process on the perceptual side consists of a rh3rthmic alter- 
nation of stimulations and interpretations, each requiring a definite 
interval for its accomplishment. On first thought one might suppose f- 

that these two phases were correlated respectively with the two phases t 

of eye movement, viz., the period of rest and the period of movement; 
but owing to the extreme brevity of the latter, about .030 second' f 

on an average, it is obvious that it would not afford sufficient time for | 

the phase of interpretation, hence the necessity for the further suppo- | 

sition that the latter part of the period of rest is occupied with this | 

phase of the process. A corroborating circimostance is the fact that in i 

tachistoscopic reading the optimum exposure time is much less on the 
average than the reading pause in normal reading,* thus showing that 
the entire time of the reading pause is not needed for adequate stim- 
ulatiom (3) A third factor which doubtless influences the result, is 
the character of the process of attention as independent of the area 
of most distinct vision on the retina. Within this area the scope of 
distinct attention is variable depending upon the relation of the stim- 
ulus to the individual's experience, or upon the arbitrary purpose of 
the subject. Seldom, if ever, in my results does it appear that the scope 
of distinct attention is equal to this relatively distinct retinal area, 
and this leaves a margin of impressions of which only those on the 
right hand could play any immediate part in the normal reading process, 
owing to our peculiar method of reading from left to right. 

As to what functions the marginal impressions perform in normal 
reading, assmning that they are approximately represented by my 

* By the term "attention" I refer to the fact of conscious stress or relatively 
high degree of intensity of consciousness as it appears now in one, now in another 
portion of the conscious field without implying any particular theory of attention. 

* Huey and Dearborn: Op. Cii. 
•Dearborn: Op, Cit. 
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results, our knowledge is likewise somewhat too meagre to formu- 
late any definite theory. Nevertheless, a sufficient number o! facts 
have been established to warrant some tentative conclusions. In the " 
first place the right-hand marginal impressions doubtless serve as 
preliminary partial perceptions of the words, which together with the 
factor of context, facilitate the full recognition of these impresisions 
when they appear in the area of distinct attention at the next reading 
pause. Again, these impressions are essential as marginal stimuli 
to the eye for the reflex movement* which takes place between the 
reading pauses. They also, doubtless, assist in determining the di- 
rection and extent of the movement, thus fixing the character and size 
of the group of impressions included within the reading pause. That 
there is a correlation between the size of the area of distinct attention 
and that of the right-hand marginal impressions is shown by the fact 
that the area of the former varies inversely as the area of the latter. 
The constant presence of the right-hand marginal area must be of 
value, therefore, owing to its preparatory and orienting effect, allowing 
a more rapid succession of the movements, which more than compen- 
sates for the loss in breadth of clear perception entailed by the pres- 
ence of these marginal impressions. The upper and lower marginal 
impressions probably also assist in determining the direction of the 
eye movement while those on the left-hand margin, come into function 
only upon return sweeps of the eyes in cases of mistake or in passing 
to a new line. 

There are, however, still other factors which undoubtedly assist in 
controlling the eye movement. For example, the character of the 
recognition process as such, i. 6., whether it is successful or unsuccessful, 
is presumably the primary cue determining the character of this move- 
ment. But before this factor can become operative, and before the 
marginal impressions can become effective as stimuli there must inter- 
vene a feeling of satisfaction or dissatisfaction, as the case may be, 
depending upon the character of the recognition process. 

Supplementary to these factors are the peculiar habits* of eye move- 
ment noticeable particularly in very rapid readers, and more or less 
in all readers, which tend to reduce the amount of variability in the 
extent of the movement between the reading pauses. This tendency, 
however, is never quite strong enough to overcome completely the in- 
fluence of the variable size and complexity of the marginal impressions, 
and accordingly we always have a certain amoimt of variability re- 
maining in spite of this factor. A useful function of this factor of habit 
probably consists in maintaining an, average span for the distinct 

* R. Dodge : " Five Tjrpcs of Eye Movements in the Horizontal Meridian Plane 
of the Field of Regard," Am, J. Physiol., 8. 

* Dearborn: O^. Cit. 
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attention within which the least possible amount of literal analysis is 
required. The reading process is thus rendered more automatic, the 
rate and precision are increased, and the nervous expenditure is reduced 
to a minimum. 

The reader need hardly be reminded, in conclusion, that in this- 
study the investigation has been almost wholly confined to the purely 
perceptual aspect of the reading process, in which only the more habitual 
and automatic phases of word perception are involved. So far as 
concerns the higher syntheses involved in the higher interpretational 
phase of reading, the results of course have little, if any, inmiediate 
application. This latter phase deserves special treatment on its own 
account and would, of course, require otl^r methods than those em- 
ployed in this study. 
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